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SPECIAL RESULTS OF OBSERVATION 
DOMAIN OF COSMICAL PHENOMENA. 



INTRODUCTION. 



In accordance with the object I have propoeed to myself, 
and which, as far as my own powers and the present state 
of science permit, I have regarded aa not unattainable, I 
have, in the preceding volumes of Cosmos, considered Natare 
hi a two-fold point of view. In the first place, I have en- 
deavored to present her in the pure objectiveness of external 
phenomena ; and, secondly, as the reflecticmof the image im- 
pressed by the senses upon the inner maji, that is, upcoi his 
ideas and feelings. 

The external world of phenomena has been delineated un- 
der the scientific form of a general picture of nature in her 
two great spheres, the uranological and the telluric or ter- 
restrial. This dehneation begins with the stars, which glim- 
mer amid nebulsB in the retnotest realms of ^ace, and, pebss- 
ing £:om our planetary system to the vegetable covenng of 
the earth, descends- to the minutest organisms which float in 
the atmosphere, and are invisible to the naked eye. In order 
to give due prominence to the consideration of the existence 
of one common bond encircling the whole organic world, of 
the control of eternal laws, and of the causal connection, as 
far as yet known to us, of whole groups of phenomena, it was 
necessary to avoid the accumulalion of isolated facts. This 
precaution seemed especially requisite where, in addition to 
the dynamic action of moving forces, the powerful influence 
of a specific difference of matter manifests itself in the ter- 
restrial portion of the universe. The problems presented to 
us in the sidereal, or uranological sphere of the Cosmos, are, 
eonsideriiig their nature, in as far as they admit of being ob- 
served, of extraordinary simphcity, and capable, by means of 
the attractive force of matter and the quantity of its mass, 
of being submitted to exact calculation in accordance with 
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COSMOS. 

the theory of motion. If, as I believe, we are justified in re- 
garding the revolving meteor-asteroids (aerolites) as portions 
of our planetary system, their fall upon the earth constitutes 
the sole means by which we are brought in contact with 
cosmical substances of a recognizable heterogeneity.* I here 
refer to the cause which has hitherto rendered terrestrial 
phenomena less amenable to ths rules of mathematical de- 
duction than those mutually disturbing and readjusting move- 
ments of the cosmical bodies, in which the fundamental force 
of homogeneous matter is alone manifested. 

I have endeavored, in my delineation of the earth, to ar- 
range natural phenomena in such a manner as to indicate 
their causal connection. In describing our terrestrial sphere, 

1 have considered its form, mean density, electro-magnetic 
currents, the processes of polar light, and the gradations ac- 
cording to which heat increases with the increase of depth. 
The reaction of the planet's interior on its outer crust im- 
plies the existence of volcanic activity ; of more or less con- 
tracted circles of waves of commotion (earthquake waves), 
and their efiects, which are not always purely dynamic ; and 
of the eruptions of gas, of jniiud, and of thermal springs. The 
upheaval of fire-erupting mountains must be regarded as the 
highest demonstration of the inner terrestrial forces. We 
have therefore depicted volcanoes, both central and chain 
formations, as generative no less than as destructive agents, 
and as constantly forming before our eyes, for the most part, 
periodic rocks (rocks of eruption) ; we have likewise shown, 
in contrast with this formation, how sedimentary rocks are 
in the course of precipitation from fluids, which hold, their 
minutest particles in solution or suspension. Such a com- 
parison of matter still in the act of development and solidi- 
fication with that already consolidated in the form of strata 
of the earth's crust, leads us to the distinction of geognostic 
epochs, and to a more certain determination of the chronolog- 
ical succession of those formations in which lie entombed ex- 
tinct genera of animals and plants — ^the fauna and flora of a 
former world, whose ages are revealed by the order in which 
they occur. The origin, transformation, and upheaval of ter- 
restrial strata, exert, at certain epochs, an alternating action 
on all the i^ecial characteristics of the physical configura- 
tion of the earth's surface ; influencing the distribution of 
fluids and solids, and the extension and articulation of con* 

* Cosmos, vol. i. (Harper's edit.), p. 63-65, 136. 
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INTEODUCTION. 7 

tinental masses in a horizontal aad vertical direction. On 
these relations depend the thermal conditions of oceanic cur- 
rents, the meteorological processes in the aerial investment 
of our planet, and the typical and geographical distribution 
of organic forms. Such a reference to the arrangement of 
telluric phenomena presented in the picture of nature, wiU, 
I think, suffice to show that the juxtaposition of great, and 
apparently complicated, results of observation, facilitates our 
insight into their causal connection. Our impressions of >iia- ' 
ture will, however, be essentially weakened, if the picture 
fail in warmth of color by the too great accumulation of 
minor details. 

In a carefully-sketched representation of the phenomena 
of the material world, completeness in the enumeration of 
individual features has not been deemed essential, neither 
does it seem desirable in the delineation of the reflex of ex- 
ternal nature on the inner man. Here it was necessary to 
observe even stricter limits. The boimdless domain of the 
world of thought, enriched for thousands of years by the vig- 
orous force of intellectual activity, exhibits, among different 
races of men, and in diflerent stages of civilization, sometimes 
a joyous, sometimes a melancholy tone of mind ;* sometimes 
a delicate appreciation of the beautiful, sometimes an apa- 
thetic insensibility. The mind of man is first led to adore 
theforces of nature and certain objects of the material world ; 
at a later period it yields to religious impulses of a higher 
and purely spiritual character.! The inner reflex of the 
outer world exerts the most varied influence on the myste- 
rious process of the formation of language,! in which the 
original corporeal tendencies, as well as the impressions of 
surrounding nature, act as powerful concurring elements. 
Man elaborates within himself the materials presented to 
him by the senses, and the products of this spiritual labor 
belong as essentially to the domain of the Cosmos as do the 
{Phenomena of the external world. 

As a reflected image of Nature, influenced by the crea- 
tions of excited imagination, can not retain its truthful purity, 
there has arisen, besides the actual and external world, an 
ideal and internal world, full of fantastic and partly sym- 
bolical myths, heightened by the introduction of fabulous ani- 
mal forms, whose several parts are derived from the organ- 

* CotmoSf vol. i., p. 23-i^25 ; vol. ii., p. 25 and 97. 

t i&tU, vol. ii., p. 38-43, and 56-60. 

t Ibid., yol. i., p. 357-359; rol. ii., p. 112-117. 
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isms of the present world, and Bometimes even from the relics 
of extinct species.* Marvelous flowers and trees spring from 
this mythic soil, as the giant ash of the Edda-Songs, the 
world-tree Yggdrasil, whose branches tower above the heav- 
ens, while one of its triple roots penetrates to the " foaming 
caldron springs" of the lower world.t Thus the cloud-re- 
gion of physical myths is filled with pleasing or with fearful 
forms, according to the diversity of character in nations and 
climates ; and these forms are preserved for centuries in the 
intellectual domain of successive generations. 

If the present work does not fully bear out its title, the 
adoption of which I have myself designated as bold and in- 
considerate, the charge of incompleteness applies especially 
to that portion of the Cosmos which treats of spiritual life ; 
that is, the image reflected by external nature on the inner 
world of thought and feeling. In this portion of my work I 
have contented myself with dwelling more especially upon 
those objects which lie in the direction of long-cherished 
studies ; on the manifestation of a more or less lively appre- 
ciation of nature in classical antiquity and in modem times ; 
x>n the fragments of poetical descriptions of nature, the col- 
oring of which has been so ess^itially influenced by individ- 
uality of national character, and the religious monotheistic 
view of creation ^ on the fascinating charm of landscape 
painting ; and on the history of the contemplation of the 
physical universe, that is, the history of the recognition of 
the universe as a whole, and of the unity of phenomena — a 
recognition gradually developed during the course of two 
thousand years. 

In a work of so comprehensive a character, the object of 
which is to give a scientific, and, at the same time, an ani- 
mated description of nature, a first imperfect attempt must 
rather lay claim to the merit of inciting than to that of sat- 
isfying inquiry. A Book of Nature, worthy of its exalted 
title, can ne^er be accomplished until the physical sciences, 
notwithstanding their inherent imperfectibihty, shall, by their 

* M. von Olfer's Ueberreste vorweltlicher Riesenthiere in Beziekung auf 
(htasiatigehe Saren in the Abh. der Berl. Akad., 1833, s. 51. On the 
opinion advanced by Empedocles regarding the caase of the extinction 
of tho earliest animal forms, see Hegers OeschicfUe der FhilosopUe, 
l)d. ii., s. 344. 

t See, for the world-tree Yggdrasi}, and the mshing (foaming) cal- 
dron-spring Hvergelmir, the Deutsche Mythologie of Jacob Grimm, 1844, 
s. 530, 756; «lso Mallet's Northern Antiquities (Bohn's edition), 1847, 
p. 410, 489, and 492, and frontispiece to ditto. 
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INTRODUCTION. 9 

gradual development and extensionrhaye attained a higher 
degree of advancement, and until we shall have gained a 
more extended knowledge of the two grand divisions of the 
Cosmos — the external world, as made perceptible to us by 
the senses ; and the inner, reflected intellectual world. 

I think I have here sufficiently indicated the reasons which 
determined me not to give greater extension to the general 
picture of nature. It remains for this third and last volume 
of my Cosmos to supply much that is wanting in the previ- 
ous portions of the work, and to present those results of ob- 
servation on which the present condition of scientific opinion 
is especially grounded. J shall here follow a similar mode 
of arrangement to that previously adopted, for the reasonB 
"which I have advanced, in the delineation of nature. But, 
before entering upon the individual facts on which special 
departments of science are based, I would fain offer a few 
more general explanatory observations. The unexpected in- 
dulgence with which my undertaking has been received by 
a large portion of the public, both at home and abroad, ren- 
ders it doubly imperative that I should once more define, as 
distinctly as possible, the fundamental ideas on which the 
whole work is based, and say something in regard to those 
demands which I have not even attempted to satisfy, be- 
cause, according to my view of empirical — i. e., experiment- 
. al — science, they did not admit of being satisfied. These 
explanatory observations involuntarily associate themselves 
with historical recollections of the earlier attempts made to 
discover the one universal idea to which all phenomena, in 
their causal connection, might be reduced, as to a sole prin- 
ciple. 

The fundamental principle"^ of my work on the Cosmos, 
as enunciated by me more than twenty years ago, in the 
French and German lectures I gave at Paris and Berlin, 
comprehended the endeavor to combine all cosmical phenom- 
ena in one sole picture of nature ; to show in what manner 
the common conditions,, that is to say, the great laws, by 
which individual groups of these phenomena are governed, 
have been recognized ; and what course has been pursued 
in ascending from these laws to the discovery of their causal 
connection. Such an attempt to comprehend the plan of 
the universe — ^the order of nature — must begin with a gen- 
eralization of particular facts,. and a knowledge of the con- 

* Co9mo$, vol. i., p. 48-50, and 68-77. 
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ditions under which physical changes regularly and period- 
ically manifest themselves ; and must conduct to the, thought- 
ful consideration of the results yielded hy empirical observa- 
tion, but not to '* a contemplation of the imi verse based on 
speculative deductions and development of thought alone, or 
to a theory of absolute unity independent of experience." 
We are, I here repeat, far distant from the period when it 
was thought possible to concentrate all sensuous perceptions 
into the unity of one sole idea of nature. The true path was 
indicated upward of a century before Lord Bacon's time, by 
Leonardo da Vinci, in these few words : " Cominciare dall' 
esperienza e. per mezzo di questa scoprime la ragione.""^ 
" Commence by experience, and by means of this discover 
the reason." In many groups of phenomena we must still 
content ourselves with the recognition of empirical laws ; but 
the highest and more rarely attained aim of all natural in- 
quiry must ever be the discovery of their caicsal connection,^ 
The most satisfactory and distinct evidence will always ap- 
pear where the laws of phenomena admit of being referred 
to mathematical pnncijdes of explanation. Physical cosmog- 
raphy constitutes merely in some of its parts a cosmology. 
The two expressions can not yet be regarded as identical. 
The great and solemn spirit tiiat pervades the intellectual 

*Op.cit.f vol. ii. p. 283. 

t In the Introdactory Obaervatioos, in CannoSy vol. i., p. 50, it should 
not have been generally stated that '* the nltimate object of the experi- 
mental sciences is to discover laws, and to trace their progressive gen- 
eralization." The clause ** in many kinds of phenomena" should have 
been added. The caution with which I have expressed myself in the 
second volume of this work (p. 313), on the relation borne by Newton 
to Kepler, can not, I think, leave a doubt that I clearly distinguish be- 
tween the discovery and interpretation of natural laws, ».«., the explana- 
tion of phenomena. I there said of Kepler : " The rich abundance of 
accurate observations furnished by Tycho Brahe, the zealous opponent 
of the Copernican system, laid the foundation for the discovery oj those 
eternal laws of the planetary movements which prepared imperishable 
renown for the name of Kepler, and which, interpreted by Newton, 
and proved to be theoretieaUy and nece$$arily true, have been transferred 
into the bright and glorious domain of thought, as the intellectual rec- 
ognition of nature." Of Newton I said (p. 351^ : " We close it [the 
great epoch of Galileo, Kepler, Newton, and Leibnitz] vrith the figure 
of the earth fts it was then recognized from iheoretieal conclosions. New- 
ton was enabled to give an explanation of the system of the universe, 
because be succeeded in discovering the force from whose action the 
laws of Kepler necessarily result." Compare on this subject ('' On Laws 
and Causes") the admirable remarks in Sir John HerschePs address at 
the fifteenth meeting of the British Association at Cambridge, 1845, p. 
xlii.j and Edinb. Rev.,yoh 87, 1848, p. 180-183. 
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labor, of which the limits are here defined, arises from the 
sublime consciousness of striving toward the infinite, and of 
grasping all that is revealed to us amid the boundless and 
inexhaustible fullness of creation, development, and being. 

This active Striving, which has existed in all ages, must 
frequently, and under various forms, have deluded men into 
the idea that they had reached the goal, and discovered the 
principle which could explain all that is variable in the or- 
ganic world, and all the phenomena revealed to us by sen- 
suous perception. After men had for a long time, in accord- 
ance with the earlieiBt ideas of the Hellenic people, vener- 
ated the agency of spirits, embodied in human forms,* in the 
creative, changing, and destructive processes of nature, the 
germ of a scientific contemplation developed itself in the 
physiological fancies of the Ionic school. The first principle 
of the origin of things, the first principle of all phenomena, 
was referred to two causesf — either to concrete material prin- 
ciples, the so-called elements of Nature, or to processes of 
rarefaction and condensation, sometimes in accordance with 
mechanical, sometimes with dynamic views. The hypothe- 
sis of four or five materially differing elements, which was 
probably of Indian origin, has continued, from the era of the 
didactic poem of Empiedocles down to the most recent times, 
to imbue all opinions on natural philosophy — a primeval evi- 
dence and monument of the tendency of the human mind 
to seek a generalization and simplification of ideas, not only 
with reference to the forces, but also to the qualitative na- 
ture of matter. 

In the latter period of the development of the Ionic phys- 
iology, Anaxagoras of ClazomensB advanced from the. postu- 
late of simply dynamic forces of matter to the idea of a spirit 
independent of all matter, uniting and distributing the homo- 
geneous particles of which matter is composed. The world- 
arranging Intelligence (vovg) controls the continuously pro- 
gressing formation of the world, and is the primary source 

♦ In the memorable passage (Metaph,, xii., 8, p. 1074, Bekker^ in 
which Aristotle speaks of ** the relics of an earlier acquired and suose- 
qnently lost wisdom," he infers with extraordinary ireedom and sig- 
nificance to the veneration of physical forces, and of gods in^hnmaa 
forms : " much,*' says he, " has been mythically added for the persua- 
sion of the multitude, as also on account of the Iaws and for other useful 
ends." 

t The important difference in these philosophical directions rpSiroi, 
is clearly indicated in Arist., Phys. AuscuU., 1, 4, p. 187, Bekk. (Com- 
pare Brandis, in the Rhein. Museum f^r Fkilclogie, Jahrg. iii., 8. 105.) 
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of all motion, and theiefore of all physical phenomena. An- 
axagoras explains the apparent movement of the heavenly 
bodies from east to west by the assumption of a centrifugal 
force,* on the intermission of which, as we have already ob- 
served, the fall of meteoric stones ensues. This hypothesis 
indicates the origin of those theories of rotatory motion which 
more than two thousand years afterward attained considera- 
ble cosmical importance from the labors of Descartes, Huy- 
gens, and Hooke. It would be foreign to the present work 
to discuss whether the world- arranging Intelligence of the 
philosopher of ClazomensB indicatesf ti^e Godhead itself, or 
the mere pantheistic notion of a spiritual principle animating 
all nature. 

In striking contrast with these two divisions of the Ionic 
school is the mathematical symbolism of the Pythagoreans, 
which in like manner embraced the whole universe. Here, 
in the world of physical phenomena cognizable by the senses, 
the attention is solely directed to that which is normal in con- 
figuration (the five elementary forms), to the ideas of ntun- 
bers, measure, harmony, and contrarieties. Things are re- 
flected in nimibers which are, as it were, an imitative repre- 
sentation {filfirioig) of them. The boundless capacity for rep- 
etition, and the illimitability of numbers, is typical of the 
character of eternity and of the infinitude of nature. The 
essence of things may be recognized in the form of numerical 
relations ; their alterations and metamorphoses as numerical 
combinations. Plato, in his Physics, attempted to refer the 
nature of ail substances in the universe, and their different 
stages of metamorphosis, to corporeal forms, and these, again, 
to the simplest triangular plane figures.^: But in reference 

* CosmoSf vol. i., p. 133-135 (note), and vol. ii., p. 309, 310 (and 
note). Simplicins, in a remarkable passage, p. 491, most distinctly 
oontrasts the centripetal with the centrifugal force. He there says, 
" The heavenly bodies do not feU in consequence of the centrifugal force 
being superior to the inherent falling force of bodies and to their down- 
vnra tendency." Hence Plutarch, in his work, De Facie in Orbe 
LwuBj p. 923, compares the moon, in coni^equence of its not falling to 
the earth, to " a stone in a sling." For the actual signification of the 
'Trepixt»>pv<^tC of Anaxagoras, compare Schaubach, in Anaxitg, Clazom. 
Fragm., 1827, p. 107-109. 

t Schaubach, Op. cU,, p. 151-156, and 185-189. Plants are likewise 
said to be animated by the intelligence vovf ; Aristot., De Plant., i., p. 
815, Bekk. 

X Compare, on this portion of Plato's mathematical physics, BOckh, 
De Platanico Syst. Calettium Globorum, 1810 et 1811 ; Martin, Etudes 
aur le Tim^t^ tom. ii., p. 234-242; and Brandis, in the Gesehichte der 
Oricehiich-RdmiBchen Pkiloaophie^ th. ii., abth. i., 1844, $ 375. 
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to ultimate principles (the elements, as it were, of the ele- 
ments), Plato exclaims, with modest diffidence, " God alone, 
and those whom he loves among men, know what they are.'* 
Such a mathematical mode . of treating physical phenomena, 
together with the development of the atomic theory, and the 
philosophy of measure and harmony^ have long obstructed the 
development of the physical sciences, and^misled fanciful in- 
quirers into devious tracks, as is shown in the history of the 
physical contemplation of the universe. " There dwells a 
captivating charm, celebrated by all antiquity, in the simple 
relations of time and space, as manifested in tones, numbers, 
aud lines."* 

The idea of the harmonious government of the universe re- 
veals itself in a distinct and exalted tone throughout the writ- 
ings of Aristotle. All the phenomena of nature are depicted 
in the Physical Lectzcres {Auscultationes Physios) as mov- 
ing, vital agents of one general cosmical force. Heaven and 
nature (the telluric sphere of phenomena) depend upon the 
*' unmoved motus of the universe."! The " ordainer" and the 
ultimate cause of all sensuous changes must be regarded as 
. something non-sensuous and distinct from all matter .J Unity 
in the diSerent expressions of material force is raised to the 
rank of a main principle, and these expressions of force are 
themselves always reduced to motions. Thus we find already 
in "the book of the soul"§ the germ of the undulatory theory 
of light. The sensation of sight is occasioned by a vibration 

♦ Cosmoif vol. ii., p. 351, note. Compare also Grappe, Ud>er die 
FragTnente des Archytas, 1840, s. 33. 

t Aristot., PoK^., vii., 4, p. 1326, and Metaph., xii., 7, p. 1072, 10, Bekk., 
and xii., 10, p. 1074-5. The pseudo-AriBtoteUan work, De MundOy 
which Osann ascribed to Chrysippus (see Cosmos, vol. ii., p. 28, 29), 
also contaJBS (cap. 6, p. 397) a very .eloquent passage on the world-or' 
derer and world-sustainer. 

t The proofs are coU'ected in Bitter, History of Philosophy (Boho, 
1838-46), vol. iii., p. 180, et seq. 

$ Compare Aristot., De Animaj ii., 7, p. 419. In this passage the 
analogy with sound is most distinctly ezpressedj althoi^^h in other por- 
tions of his writings Aristotle has greatly modified his theory of vision. 
Thus, in Dc Insomniis, cap. 2, p. 459, Bekker, we find the following 
words : " It is evident that sight is no less an active than a passive 
aeent, and that vision not only experiences some action from the air 
(the medium), but itself also acts upon the medium." He adduces in 
evidence of thetruth of this proposition, that a new and very pure me- 
tallic mirror will, under certain conditions, when looked at by a woman, 
retain on its sui'fece cloudy specks that can not be removed without 
difficulty. Compare also Martin, Etudes sur le Timie de Platon., torn, 
ii., p. 159-163. 
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— a movement of the medium between the eye and the object 
Been — and not by emissions from the object or the eye. Hear- 
ing is compared with sight, as sound is likewise a consequence 
of the vibration of the air. 

Aristotle, while he teaches men to investigate generalities 
in the particulars of perceptible unities by the force of reflect- 
ive reason, always includes the whole of nature, and the in- 
ternal connection not only of forces, but also of organic forms. 
In his book on the parts (organs) of animals, he clearly in- 
timates his behef that throughout all animate beings there is 
a Bcalo of gradation, in which they ascend from lower to high- 
er forms. Nature advances in an uninterrupted progressive 
course of development, from the inanimate or " elementary" 
to plants and animals ; and, " lastly, to that which, though 
not actually an animal, is yet so nearly aUied to one, that on 
the whole there is little difference between them."* In the 
transition of formations, " the gradations are almost imper- 
ceptible."! The unity of nature was to the Stagirite the great 
problem of the Cosmos. ** In this unity," he observes, with 
singular animation of expression, *' there is nothing unconnect- 
ed or out of place, as in a bad tragedy.":^ 

The endeavor to reduce aU the phenomena of Uie universe 
to one princijple of explanation is manifest throughout the 
physical works of this profound philosopher and accurate ob- 
server of nature ; but the imperfect condition of science, and 
ignorance of the mode of conducting experiments, i. e.y of 
calling forth phenomena under definite conditions, prevented 
the comprehensicm of the causal connection of even small 
groups of physical processes. All lliings were reduced to the 
ever-recurring contrasts of heat and cold, moisture and dry- 
jiess, primary density and rarefaction — even to an evolution 
of alterations in the organic world by a species of inner divis- 
ion (antiperistasis), which reminds us of the modem hypothesis 
of opposite polarities and tha contrasts presented by + and — .i 

* Aristot., De partibw Anim., lib. iv., cap. 5, p. 681, lin. 12, Bekker. 

t Aristot., Hist. Animiy lib. iz., cap. 1, p. 588, lin. 10-24, Bekker. 
When any df the representatives of the tour elements in the animal 
kingdom on oar globe fail, as, for instance, those which represent the 
element of the purest fire, the intermediate stages may perhaps be found 
to occur in the moon. (Biese, Die PhiL des ArisfoteleSf bd. ii., s. 186.) 
It is singular enoueh that the Sta^ite should seek in another planet 
. those intermediate Tanks of the cham of organized |?eing8 which we find 
in the extinct animal and vegetable forms of an earlier world; 

t Aristot., Metaph.y lib. xih., cap. 3, p. 1090, lin. 20, Bekker. 

$ The &yrinepicTaaic of Aristotle plays an important part in all Wa 
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The so-called solutions of the jwroblems only reproduce the 
same facts in a disguised fonn, and the otherwise vigorous 
and concise style of the Stagirite degenerates in his explana- 
tions of meteorological or optical processes into a self-com- 
placent difiuseness and a somewhat Hellenic verbosity. As 
Aristotle's inquiries were directed ahnost exclusively to mo- 
tioriy and seldom to differences in matter, we find the funda- 
mental idea, that all telluric natural phenomena are to be 
ascribed to the impulse of the movement of the heavens — 
the rotation of the celestial sphere -^ constantly recurring, 
fondly cherished and fostered,* but never declared with ab- 
solute distinctness. and certainty. 

The impulse to which I refer indicates only the communi- 
cation of motion as the cause of aU terrestrial phenomena. 
Pantheistic views are excluded ; the Godhead is .considered 
as the highest " ordering unity, manifested in jail parts of the 
universe, defining and determining the nature of all forma- 
tions, and holding together all things as an absolute power, f 
The main idea and these teleological views are not applied 
to the subordinate processes of inorganic or elementary nature, 
but refer specially to the higher organizations]: <i the animal 
and vegetable world. It is worthy of notice, that in these 
theories the Godhead is attended by a number of astral 
spirits, who (as if acquainted with pertuxbatiozis and the dis- 

explanations of meteorological processes ; so also in the woiIes De Oen^ 
eratione et InterUu, Hb. ii., cap. 3, p. 336 ; in the Meteorelogieitj lib. i., 
cap. 12, and lib. iii., cap. 3, p. 372, and in the Problems (lib. xiv., cap. 
3, lib. viii., No. 9, p. 888, and Ub. xiv.. No. 3, p. 909), which are at all 
events based on Anstotelian principles. In the ancient polarity hypoth- 
esis, /car* avTiirepiaraaLVf similar conditions attract each other, and dis- 
similar ones (-^ and — ) repel each other in opposite directions. (Com- 
pare Ideler, Meteorol. veterum Or ax. et Rem., 1832, p. 10.) The op- 
posite conditions, instead of being destroyed by combining together, 
rather increase the tension. The ipvxpov mcreases the 'd^epftov ; as in- 
versely ** in the formation of hail, the surroanding heat makes the cold 
body still colder as the cloud sinks into warmer strata of air.** Aristotle 
.explains by his antiperistatic process Vid the polarity of heat, what 
modem physics have taught us to r^fer to conduction, radiation, evap- 
oration, ana changes in the capacity of heat. See the able observations 
of Paul Erman in the Abhandl. der Berliner Akademie aufdasJahr 1825, 
8. 128. 

* *' By the movement of the heavenly sphere, all that is unstable in 
natural bodies, and all terrestrial phenomena are produced." — ^Aristot., 
Meteor,, i., 2, p. 339, and De Oener. et Corrupt., li., 10, p. 336. 

t Aristot, De Ca/o,lib. i., c. 9, p» 279 ; lib. ii., c. 3, p. 286 ; lib- ii., c. 
13, p. 292, Bekker. (Compare Biese, bd. i., s. 352-1, 357.) 

X Aristot., Phys.AuscuH., lib. ii., c. 8, p. 199 ; De Anima, lib. iil, c. 
12, p. 434 ; De Animal, €fenerat., lib. v., c 1, p. 778, Bekker. 
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tributaon of masses) maintain the planets in their eternal Dib- 
its.* The stars here reveal the image of the divinity in tlie 
visible world. We do not here refer, as its title might lead 
to suppose, to the little pseudo- Aristotelian work entitled the 
** Cosmos," undoubtedly a Stoic production. Although it de- 
scribes the heavens and the earth, and oceanic and aerial 
currents, with much truthfulness, and frequently with rhetor- 
ical animation and picturesque coloring, it shows no tenden- 
cy to refer cosmical phenomena to general physical princi- 
ples based on the properties of matter. 

I have purposely dwelt at length on the most brilliant pe- 
riod of the Cosmical views of antiquity, in order to contrast 
the earliest efibrts made toward the generalization of ideas 
with the efforts of modem times. In the intellectual move- 
ment of centuries, whose influence on the extension of cos- 
mical contemplation has been defined in another portion of 
the present work,t the close of the thirteenth and the begin- 
ning of the fourteenth century were specially distinguished ; 
but the Opus Majus of Roger Bacon, the Mirror of Nature 
of Vincenzo de Beauvais, the Physical Geography (iz5er Cos- 
mographicus) of Albertus Magnus, the Picture of the World 
{Imago Mundi) of Cardinal Petrus d'AUiaco (Pierre d'Ailly), 
are works which, however powerfully they may have influ- 
enced the age in which they were written, do not fulfill by 
their contents the promise of their titles. Among the Italian 
opponents of Aristotle's physics, Bernardino Telesio of Cosen- 
za is designated the founder of a rational science of nature. 
All the phenomena of inert matter are considered by him as 
the effects of two incorporeal principles (agencies or forces) 
— heat and cold. All forms of organic life — "animated" 

* See the passage in Aristot^, Meteor., xii., 8, p. 1074, of which there 
is a remarkable elacidation in the Commentary of Alexander Aphro- 
disiensis. The stars are not inanimate bodies, bat must be regarded as 
active and living beings. (Aristot., De CcbIo, lib. ii., cap. 12, p. 292.) 
They are the most divme of created things ; ra ^eiorepa tqv ^avepuv, 
(Aristot., De Caloj lib. i., cap. 9, p. 278, and lib. ii., cap. 1, p. 284.) 
In the small pseado-Aristotelian work De Mundo, which frequently 
breathes a religious spirit in relation to the preserving almightiness of 
God (caf). 6, p. 400), tne high aether is also called divine (cap. 2, p. 392). 
That which the imaginative Kepler calls moving spirits (anima motricet) 
in his work, Mysterium Cosmo graphicum (cap. 20, P- 71), is the distort- 
ed idea of a force (virtut) whose main seat is in the sun (anima mun- 
di)f and which is decreased by distance in accordance with the laws of 
light, and impels the planets in elliptic orbits. (Compare Apelt, Epoch- 
en der Oe$ch. der Mcnschheit, bd. i., s. 274.) 

t Cosmos, vol. ii., p. 241-250. 
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plants and animals — are the effect of these two ever-divided 
s forces, of which the one, heat, specially appertains to the ce- 
lestial, and the other, cold, to the terrestrisd sphere. 

Witii yet more unbridled fancy, but with a profound spirit 
of inquiry, Giordano Bruno of Nola attempted to comprehend 
the whole universe, in three works,* entitled De la causa 
Frindpio e TJno; Contemplationi circa lo Infinito, Uni- 
verso e Mondi intmmerabili; and De Minimo et Maximo, 
In the natural philosophy of Telesio, a cotempprary of Co- 
pernicus, we recognize at aU events the tendency to reduce 
the changes of matter to two of its fundamental forces, which, 
although " supposed to act from without," yet resemble the 
fundamental forces of -attraction and repulsion in the dy- 
namic theory of nature of Boscovich and Kant. The cos- 
mical views of the Philosopher of Nola are purely meta- 
physical, and do not seek the causes of sensuous phenomena 
in matter itself, but treat of '' the infinity of space, filled 
with self- illumined worlds, of the animated condition of 
those worlds,, and of the relations of the highest intelligence 
— God — ^to the universe." 

Scantily endowed with mathematical knowledge, Giorda- 
no Bruno continued nevertheless to the period of his fearful 
martyrdomt an enthusiastic admirer of Copernicus, Tycho 
Brahe, and Kepler. He was cotemporary with Galileo, but 
did not live to see the invention of the telescope by Hans 
Lippershey and Zacharias Jansen, and did not therefore wit- 
ness the discovery of the *' lesser Jupiter world," the phases 
of Venus, and the nebulae. With bold confidence in what 
he terms the Ivane intemo, ragione naturale, altezza delV 
intelletto (force of intellect), he indulged in happy conjec- 
tures regarding the movement of the fixed stars, the planet- 

* Compare the acate and learned commentary on the works of the 
Philosopher of Nola, in the treatise Jordano Bruno par Christian Bar- 
tholmess^ torn, ii., 1847, p. lSt9, 149, and 201. 

t He was homed at Borne on the 17th of Fehroary, 1600, parsnant 
to the sentence " ut qoam clementissime et citra sangainis emisionem 
puniretor." Brono was imprisoned six years in the Piombi at Venice, 
and two yean in the Inqaisition at Borne. When the sentence of death 
was announced to him, Bruno, qalm and unmoved^ gave utterance to 
the following noble expression : ** Majori forsitan cup timore sententi- 
am in me fertis quam ego accipiam.'^ When a fugitive from Italy in 
1580, he taaght at Geneva, Lyons, Toulouse, Paris, Oxford, Marburg, 
Wittenberg (which he calls the Athens of Germany), Prague, and Helm- 
Btedt, where, in 1589, he completed the scientific instruction of Duke 
Henry Julius of Brunswick- WolfenbutteL—Bartholmess, torn, i., p. 167- 
178. He also taught at Padua subsequently to 1592. 
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ary nature of comets, and the deviation from the spherical 
form observed in the figure of the earth.* Greek antiquity 
is also replete with uranological presentiments of this na- 
^ture, which were realized in later times. 

In the development of thought on cosmical relations, of 
which the main forms and epochs have been already enu- 
fmerated, Kepler approached the nearest to a mathematical 
^application of the theory of gravitation, more than seventy- 
eight years before the appearance c^f Newton's immortal 
work, Frincijna Philosophue Naturalis. For while the 
eclectic SimpHcius only expressed in general terms "that 
the heavenly bodies were sustained from falling in conse- 
quence of the centrifugal force being superior to the inher- 
ent falling force of bodies and to the downward traction ;" 
while Joannes Philoponus, a disciple of Ammonius Hermeas, 
ascribed the movement of the celestial bodies to " a primi- 
tive impulse, and the continued tendency to fall ;" and while, 
as we have already observed, Copernicus defined only the 
general idea of gravitation, as it acts in the sun, as the center 
of the planetary world, in the earth and in the moon, using 
these memorable words, " Gravitatem non aliud fesse quam 
appetentiam quandam naturalem partibus inditam a divina 
providentia opificis universorum, ut in unitatem integrita- 
temque suam sese conferant, in formam globi coeuntes ;" 
Kepler, in his introduction to the book De Stella Martis^jf 
was the first who gave numerical calculations of the forces 
of attraction reciprocally exercised upon each other, accord- 
ing to their relative masses, by the earth and moon. He 

* Bartbolmdss, torn, ii., p. 219, 232, 370. Brano carefolly collected 
all the separate obseryations made on the celestial pheuomenon of the 
sudden appearance, in 1572, of a new star in Cassiopeia. Much dis- 
cussion has been directed in modem times to the relation existing be- 
tween Bruno, his two Calabrian fellow-countrymen, Bernardino Tele- 
sio and Thomas Campanella, and the platonic cardinal, Nicolaus Kfebs, 
of Cusa. See Cosmosy vol. ii., p. 310, 311, note. ' 

t " Si dao lapides in aliquojoco Mnndi collocarentar propinqui in- 
vicem, extra orbem virtutis tertii cognati corporis ; illi lapides ad simil- 
itudinem duorum Magneticorum corporum coirent loco intermedio, qui- 
Hbet accedens ad'alterum tanto intervallo, quanta est alterius molet in 
comparatione. Si luna et terra non retuierentur vi animali (!) aut alia 
aliqua aequipoUente, quselibet in sno circuitu, Terra adsceudisret ad Lu- 
nam quinquagesima quarta parte intervalli, Luna d«scenderet ad Ter- 
ram quinquagmta tribus circiter partibus intervalli; ibi jungerentur, 
posito tamen quod Substantia utriusque sit unius et ejusdem densitatis.'' 
— Kepler, A$tronomia nova^ ten Physica ecelegtit de Motibut Stella Mar- 
tie, 1609. Introd.t fol. v. On the older views regarding grayitation, 
see CosmoSf vol. ii., p. 310. 
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distinctly adduces the tides as evidence* that the attractive 
force of the moon (virtus tractoria) extends to the earth ; 
and that this force, similar to that exerted by the magnet 
on iron, would deprive the earth of its water if the former 
should cease to attract it. Unfortunately, this great man 
was induced, ten years afterward, in 1619, probably from 
deference to Galileo, who ascribed the ebb and flow of the 
ocean to the rotation of the earth, to renounce his correct 
explanation, and depict the earth in the Harmonice Mundi 
as a living monster, whose whale-like mode of breathing oc- 
casioned the rise and fall of the ocean in recurring periods 
of sleeping and waking, dependent on solar time. When we 
remember the mathematical acumen that pervades one of the 
works of Kepler, and of which Laplace has already made 
honorable mention,! it is to be lamented that the discoverer 
of the three great laws of all planetary motion should not 
have advanced on the path whither he had been led by his 
views on the attraction of the masses of cosmical bodies. 

Descartes, who was endowed with greater versatility of 
physical knowledge than Kepler, and who laid the founda- 
tion of many departments of mathematical physics, under- 
took to comprise the whole world of phenomena, the heav- 

* " Si Terra cessaret attrabere adse aqaas soaB, aquae marina} omnes 
elevareutur et in corpus Luna; influerent. Orbis virtutis tractoriae, quie 
est in Luna, porrigitur usque ad terras, et prolectat aquas quacunque 
in verticem loci incidit sub Zonam torridam, quippe in oocursum suum 
quacunque in verticem loci incidit, insensibiliter in maribus inclusia, 
seusibiliter ibi u|pi sunt latissimi alvei Ocea:ni propinqui, aquisque spa- 
ciosa reciprocationis libertas." (Kepler, 1. c.) ' *^ Undas a Luna trahi 
ut ferram a Magnete." .... Kepleri Harmonice Mundi, libri quinque, 
1619, lib. iv., cap. 7, p. 162. The same work which presents us with 
so many admirable views, among others, with the data of the estabtish- 
ment of the third law (that the squares of the periodic times of two 
planets are as the cubes of their mean distance), is distorted by the 

, wildest flights of fancy on the respiration, nutrition, and heat of the 
earth-animal, on the soul, memory (memoria anima Terra), and crea- 
tive imagination (anima TeUurit imagination of this monster. This great 
man was so wedded to these chimeras, that he warmly. contested his 
right of priority iii the views regarding the earth-animal with the mys- 
tic author of the Macrocosmoi, Bobert Fludd, of Oxford, who is report- 
ed to have participated in the invention of the thermometer. {Harm, 

. Mundi, p. 252.) In Kepler's writings, the attractiou of masses is often 
confounded with magnetic attraction. " Corpus solis esse magneticum. 
Virtutem, quae Planetas movet, residere in corpore solis." — Stella Mar^ 
tis, pars iii., cap. 32, 34. ' To each planet was ascribed a magnetic axis, 
which constantly pointed to one and the same quarter of the heavens* 
(Ajpelt, Joh. Kepler's Attnm. Weltansicht, 1849, s. 73. 
T Compare Cosmos, vol. ii., p. 327 (and note). 
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enly sphere and all that he knew concerning the animate 
and inanimate parts of terrestrial nature, in a work entitled 
Traits du Monde, and also Summa PhUosophice, The or- 
ganization of animals, and especially that of man — a subject 
to which he devoted the anatomical studies of eleven years* 
— was to conclude the work. In his correspondence with 
Father Mersenne, we frequently find him complaining of his 
slow progress, and of the difficulty of arranging so large a 
mass of materials. The Cosmos which Descartes always 
called " his world" (son monde) was at length to have been 
sent to press at the close of the year 1633, wh6n the report 
of the sentence passed by the Inquisition at Rome on Gali- 
leo, which was first made generally known four months aft- 
erward, in October, 1633, by Gassendi and Bouillatid, at 
once put a stop to his plans, and deprived posterity of a great 
work, completed with much pains and infinite care. The 
motives that restrained him from publishing the Cosmos 
were, love of peaceful retirement in his secluded abode at 
Deventer, and a pious desire not to treat irreverentially the 
decrees pronoiinced by the Holy Chair against the planetary 
movement of the earth.f In 1664, fourteen years after the 
death of the philosopher, some fragments were first printed 
under the singular title of Le Monde, ou TraiU de kb Jju- 
miere.^*t The three chapters which treat of light scarcely, 
however, constitute a fourth part of the work ; while those 
sections which originally belonged to the Cosmos of Des- 
cartes, and treated of the movement of the planets, and their 
distance from the sun, of terrestrial magnetism, the ebb and 
flow of the ocean, earthquakes, and volcanoes, have been 
transposed to the third and fourth portions of the celebrated 
work, Principes de la Philosophie, ^ 

Notwithstanding its ambitious title, the Cosmotheoros of 
Huygens, which did not appear till after his death, scarcely 
deserves to be noticed in this enumeration of cosmological 
efibrtsi It consists of the dreams and fancies of a great man 
on the animal and vegetable worlds, of the most remote cos- 
mical bodies, and especially of the modifications of form which 

* See La Vie de M. DescaHes (par Baillet), 1691, Part i., p. 197, 
and CEuvres de Descartes, publi^es par Victor Oousin, torn, i., 1824, 
p. 101. 

t Lettres de Descartes au P. Merseniie, rfw 19 Nov,, 1633, et du 5 Janr- 
ffier, 1634. (Baillet, Part i., p. 244-247.) 

X The Latin translation bears the title Mundus sive Dissertatio de 
Lumine ut et de aliis Sensuuni Objectis primariis,. See Descartes, Opus- 
cula posthuma Physica et Mathematica, Amst., 1704. 
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the human race may there present. The reader might sup- 
pose he were perusmg Kepler's Somnium Astronomicum, or 
Kircher's Iter Extaticus, As Huygens, like the astronomers 
of our own day, denied the presence of air and water in the 
moon,"*^ he is much more embarrassed regarding the exist- 
ence of inhabitants in the moon than of those in the remoter 
planets, which he assjumea to. Jbe "surrounded with vapors 
and clouds." 

The immortal author of the Philosophice Naturalis Prin- 
cipia Mathematica (Newton) succeeded in embracing the 
whole uranological portion of the Cosmos in the causal con- 
nection of its phenomena, by the assumption of one all-con- 
trolling fundamental njoving force. He first applied phys- 
ical astronomy to solve a great problem in mechanics, and 
elevated it to the rank of a mathematical science. The 
quantity of matter in every celestial body gives the amount 
of its attracting force ; ,a force which acts in an inverse ra- 
tio to the square of the distance, and determines the amount 
of the disturbances, which not only the planets, but all the 
bodies in celestial space, exercise on each other. But the 
Newtonian theory of gravitation, so worthy of our admira- 
tion from its simplicity and generality, i« not limited in its 
cosmical application to the uranological sphere, but com- 
prises also telluric phenomena, in directions not yet fully 
mvestigated ; it affords the clew to the periodic movements 
in the ocean and the atmosphere,! and solves the problems . 
of capillarity, of endosmosis, and of many chemical, elec- 

* " Lonam aquis carere et a<Sre : Marium fiimilitadinem in Luna nal- 
lam reperio. Nam regiones planas quae montosu multo obscuriorea 
sunt, c^uasque vulgo pro maribus haberi video et oce&norum nominibua 
insigniri, in his ipsis, iongiore telescopio inspectis, cavitates exiguas in- 
esse comperio rotundas, umbris intus cadentibus; quod maris superfi- 
ciei convenire nequit; turn ipsi campi illi latiores non prorsus sequabi- 
lem Buperiiciem prffifemnt, cum diligentias eQS intuemar. Quod circa 
maria esse non possunt, sed materia constare decent minns candicante, 
quam quae est partibus asperioribus in quibus rursus qusedam viridiori 
lamine caeteras prscellunt.'* — Hugenii CotHnotheoroB^ ed. alt. 1699, lib. 
xi., p. 114. Huygens conjectures, however, that Jupiter is agitated by 
much wind and rain, for *' ventorum flatus ex ilia nubium Jovialium 
mutabili facie cognoscitnr" (lib. i., p. 69). These dreams of Huygens 
regarding the inhabitants of remote planets, so unworthy of a man versed 
in exact mathematics, have, unfortunately, been revived by Emanuel 
Kant, in his admirable work Allgemeine Naiurgesckichte und Theorie 
des HimmeU, 1755 (s. 173-192). 

t See Laplace (des Oseillaiions de VAtmo^phirej du ptx Solaire et 
Lunaire) in the M^canique Celeste, livre iv., and in the Exposition du 
8yst. du Monde, 1824, p. 291-296. 
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tro-magnetic, and organic processes. Newton* even distin- 
guished the attraction of masses^ as manifested in the mo- 
tion of cosmical bodies and in the phenomena of the tides, 
from molecular attraction, which acts at infinitely small 
distances and in the closest contact. 

Thus we see that among the various attempts which have 
been made to refer whatever is unstable in the sensuous 
world to a single fundamental principle, the theory of grav- 
itation is the most comprehensive and the richest in cosmic- 
al results. It is indeed true, that notwithstanding the brill- 
iant progress that has been made in recent times in stoBchi- 
omeliy (the art of calcidating with chemical elements and 
in the relations of volume of mixed gases), all the physical 
theories of matter have not yet been referred to mathematic- 
ally-determinable principles of explanation. Empirical laws 
have been recognized, and by means of the extensively-dif- 
fused views of the atomic or corpuscular philosophy, many 
points have been rendered inore accessible to mathematical 
investigation; but, owing to the unbounded heterogeneous- 
ness of matter and the manifold conditions of aggregation of 
particles, the proofs of these empirical laws can not as yet 
by any means be developed from the theory of contact-at- 
traction with that certainty which characterizes the estab- 
lishment of Kepler's three great empirical laws deriyed from 
the theory of the attraction of masses or gravitation. 

At the time, however, that Newton recognized all move- 
ments of the cosmical bodies to be the results of one and the 
same force, he did not, like Kant, regard gravitation as an 
essential property of bodies,! but considered it either as the 

* Adjicere jam licet de spiritu qaodam subtilissimo corpora crassa 
pervadente et in iisdem latente, cujus vi et actionibus pai;ticulaB corpo- 
nim ad minimat dUtantias se mutuo cUtrahunt et coutiguse facta cohe- 
rent. — Newton, Principia Phil. Nat. (ed. Le Suear et Jacquier, 1760), 
Schol. gen., t. iii., p. 676; compare also Newton's Optics (ed. 1718), 
Query 31, p. 305, 353, 367, 372. (Laplace, iSy«<. du Monde, p. 384, and 
Cosmosy vol. i., p. 63 (note).) 

t Hactenus phajnomena ccelomm et maris nostri per vim ^vitatis 
exposal, sed cansam gravitatis nondum assignavi. Oritnr ntique bsc 
vis a causa aliqaa, (^vlss penetmt ad usqae centra soils et planetarain, 
sine vlrtutis diminatione ; quseqae agit non pro qnantitate superficierum 
particalarum, in qaas agit (ut solent causae mechanicse), sed pro quanti- 
tate materiee solidse. — Rationem harum gravitatis proprietatum ex phee- 
nomenis nondum potul deducere et hypotheses non fingo. Satis est 
quod gravitas revera existat et agat secundum le^es a nobis expositas. 
— Newton, Principia Phil, Nat., p. 676. " To t^l us that every spe- 
cies of things is endowed with an occult specific quality, by which it 
acts and produces manifest effects, is to tell us nothing ; but to derive 
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result of some higher and still unknown power, or of *' the 
centrifugal force of the aether, which fills the realms of space, 
and is rarer within bodies, but increases in density outward. 
The latter view is set forth in detail in p. letter to Robert 
Boyle* (dated February 28, 1678), which ends with the 
words, " I seek the cause of gravity in the aether. '* Eight 
years afterward, as we learn from a letter he wrote to Hal- 
ley, Newton entirely relinquished this hypothesis of the rarer 
and denser SBther.t It is especially worthy of notice, that 
in 1717, nine years before his death, he should have deemed 
it necessary expressly to state, in the short preface to the sec- 
ond edition of his Optics, that he did not by any means con- 
sider gravity as an " essential property of bodies ;**t while 

two or three general principles of motion from phenomena, and after- 
wiml to tell us how the properties and actions of aU corporeal thin||8 
follow from those manifest principles, would be a very great step in phi- 
losophy, though the causes of those principles were not yet discovered ; 
and therefore I scruple not to propose the principles of motion, and leave 
their causes to be found out.*'-«-Newton'8 Optiety p. 377. In a previ- 
ous portion of the same work, at query 31, p. 351, he writes as follows : 
** Bodies act one upon another by the attraction of gravity, magnetism, 
and electricity ; and it is not improbable that there may be more at- 
tractive powers than these. How these attractions may be performed 
I do not here consider. What I call attraction may be performed by 
impulte, or by some other means unknown to me. I use that word 
here to signify only in general any force by which bodies tend toward 
one another, whatsoever be the cause.'* 

* " I suppose the rarer sether vrithin bodies, and the denser without 
them." — Operum Newtoni, tomus iv. (ed. 1782, Sam. Horsley), p. 386. 
The above observation was made in reference to the explanation of the 
^Bcoveiy made by Grimaldi of the diffraction or iiiflection of light. At 
the close of Newton's letter to Robert Boyle, February, 1678, p. 394, he 
says : " I shall set down one conjecture more whi6h came into my mind : 
it IS about the cause of gravity " His oorresfMndence with Olden- 
burg (December, 1675) shows that the great philosopher was not at 
that tiipe averse to the ** eether hypotheses." According to these views, 
the impulse of material light causes the aether to vibrate ; but the vibra- 
tions of the sUier alone, which has some affinity to a nervous fluid, does 
not generate light. In reference to the contest with Hooke, consult 
Hordey, t. iv., p. 378-380. 

t See Brewster's Life of Sir Isaac Newton, p. 303-305. 

X Newton's words " not to take gravity for an essential property of 
bodies" in the " Second Advertisement" contrast with his remarks on 
the forces of attraction and repulsion, which he ascribes to all molecu- 
lar particles,. in order, according to the theory of emiBsion, to explain 
the phenomena of the refraction and repulsion of the rays of light from 
reflecting surfaces "without their actual contact." (Newton, Optics, 
book ii., prop. 8, p. 241, and Brewster, Op. eit., p. 301.) According 
to Kant (see Die Melaphysischen Anfan^sgrUnde der Naturwissentehe^, 
1800, s. 28), we can not conceive the existence of matter without these 
forces of attraction and repulsion. All physical phenomena are there- 
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Gilbert, as early as 1600, regarded magnetism as a force in- 
herent in all matter. So undetermined was even Newton, 
the profound and experienced thinker, regarding the " ulti- 
mate mechanical cause" of all motion. 

It is indeed a brilliant effort, worthy of the human mind, 
to comprise, in one organic whole, the entire science of na- 
ture from the laws of gravity to the formative impulse (ni- 
sus formativus) in animated bodies ; but the present imper- 
fect state of many branches of physical science offers innu- 
merable difficulties to the solution of such a problem. The 
imperfectibility of all empirical science, and the boundless- 
ness of the sphere of observation, render the task of explain- 
ing the forces of matter by that which is variable in matter, 
an impracticable one. What has been already perceived by 
no means exhausts that which is perceptible. If, simply re- 
ferring to the progress of science in modem times, we com- 
pare the imperfect physical knowledge of Gilbert, Robert 
Boyle, and Hales, with that of the present day, and remem- 
ber that every few years are characterized by an increasing 
rapidity of advance, we shall be better able to imagine the 
periodical and endless changes which' aU physical sciences 
are destined to undergo. New substances and new forces 
will be discovered. 

Although many physical processes, as those of light, heat, 
and electro-magnetism, have been rendered accessible to a 
mathematical investigation by being reduced to motion or vi- 
brations, we are still without a solution to those often mooted 
and perhaps insolvable problems : the cause of chemical dif- 
ferences of matter ; the apparently irregular distribution of 
the planets in reference to their size, density, the inclination 
of their axes, the eccentricity of their orbits, and the num- 

fore reduced by him, as previously by Goodwin Knight (Philot. Trans- 
act. 1748, ]^. 26 4 J, to the conflict of two elementary forces. In the at- 
omic theories, wnich were diametriccdly opposed to Kant's dynamic 
views, the force of attraction was referred, in accordance with a view 
speciallv promulgated by Lavoisier, to the discrete solid elementary 
molecules of which all bodies are supposed to consist; while the force 
of repulsion was attributed to the atmospheres of heat surrounding all 
elementary corpuscles. This hypothesis, which regards the so-called 
caloric as a constantly expanded matter, assumes the existence of two 
elementary substances, as in the mythical idea of two kinds of aether. 
(Newton, Optics, query 28, p. 339.) Here the question arises, What 
causes this caloric matter to expand? Considerations on the density 
of molecules in comparison with that of their aggregates (the entire 
body) lead, according to atomic hypotheses, to the result, that the dis- 
tance between elementary corpuscles is far greater than their diameters. 
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ber and distance of their satellites ; the configuration of con- 
tinents, and the position of their highest mountain chains. 
Those relations in space, which we have referred to merely 
by way of illustration, can at present be regarded only as 
something existing in nature, as a fact, but which I can not 
designate as merely causal, because their causes and mutual 
connection have not yet bieen discovered. They are the re- 
sult of occurrences in the realms of space coeval with the 
formation of our planetary system, and of geognostic process- 
es in the upheaval of the outer strata of the earth into con- 
tinents and mountain chains. Our knowledge of the prime- 
val ages of the world's physical history does not extend suf- 
ficiently far to allow of our depicting the present condition, 
of things as one of development.* 

Wherever the causal connection between phenomena has 
not yet been fully recognized, the doctrine of the Cosmos, or 
the physical description of the universe, does not constitute a 
distinct branch of physical science. It rather embraces the 
whole domain of nature, the phenomena of both the celestial 
and terrestrial spheres, but exnbraces it only under the single 
point of view of effbrts made toward the knowledge of Sie 
universe as a whole."t As, in the ** exposition of past events 
in the moral and political world, the historian^ can only di- 
vine the plan of the government ef the world, according to 
human views, through the signs which are presented to him, 
and not by direct insight," so ako the inquirer into nature, 
in his investigation of cosmical relaticHis, feels himself pene- 
trated by a profound consciousness that the fruits hitherto 
yielded by direct observation and by the careful analysis pf 
phenomena are far from having exhausted the number of 
impeUing, producing, and formative forces. 

* Co»mfi$t vol. i., p. 94-97. t Op. eU.j p. 55-82. 

X .Wilhelm yon Humboldt, Qeaammdte JVerke, bd. i., s. 23. 
Vol. m.— B 
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BESULT8 OF OBSERVATIONS IN THE URANOLOGICAL POR^ 
TION OF THE PHYSICAL DESOEIFTION OF THE WORLD. 

We again commence with the depths of cosmical apace, 
and the remote sporadic starry systems, which appear to tel- 
escopic vision as faintly shining nebula. From these we 
gradually descend to the double stars, revolving round one 
^mmon center of gravity^ and which are frequently bicol- 
ored, to the nearer starry strata, one of which appears to in- 
close our own planetary system ; passing thence to the air- 
and-ocean-girt terrestrial spheroid which we inhabit. Wa 
have already indicated, in the introduction to the General 
Delineation of Nature,* that this arrangement of ideas is 
alone suited to the character of a work on the Cosmos, sLnce 
we can not here, in accordance with the requirements of di- 
tect sensuous contemplation, begin with our o^ti terrestrial 
abode, whose surface is animated by organic forces, and pa^g 
from the apparent to the true movemeiits of cosmic al bodies* 

The v/ranological, when opposed to the telluric domain 
of the Cosmos, may be conveniently separated into two di- 
visions, one of which comprises astrognosy, or the region of 
ihe fixed starSy and the other ouT^$olar and planetary sys^ 
tern. It is unnecessary here to describe the imperfect and 
unsatisfactory nature of such a nomenclature and such class- 
ifications. Names were introduced into the physical sci- 
ences before the ^differences of objects and their strict limit a- 
tions were sufficiently known. t The most important point, 
however, is the connection of ideas, and the order in which 
the objects are to be considered. Innovations in the no- 
menclature of groups, and a deviation from the meaningB 
hitherto attached to well-known names, only tend to de- 
tract and confuse the mind. 

a. ASTROGNOSY. (The Domain op the Fixkd Srjiiii.) 
Nothing is stationary in space. Even the fixed stars 
move, i^s HalleyJ endeavored to show in reference to SiriuSp 

• Cotmo^ Vol. 1., p. 79-83. f Op. eit.f p. 56, 67. 

I Halley, in the Pkilos, Trantactfor 1717, vol. xxi., p. 736. 
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Ajretmuft, and Aldebaran, and as in modem times has been 
inconttovertibly proved with respect to many others. The 
bright star Arcturus has, during the 2100 years (since the 
times of Aristillus and Hipparchus) that it has been ob- 
served, changed its position in relation to the neighboring 
fainter stars 2^ times the moon's diameter. Encke remarks 
" that the star f* Cassiopeise appears to have moved 3 J lunar 
diameters, and 61 Cygni about 6 lunar diameters, if the an- 
cient observations correctly ^indicated its position." Conclu- 
sions b9.sed on analogy justify us in believing that there is 
every where progressive, and perhaps also rotatory motion. 
The term ** fixed stars" leads to erroneous preconceptions ; 
it may have referred, in its earhest meaning among the 
G-reeks, to the idea of the stars being riveted into the crys- 
tal vault of heaven ; or, subsequently, in accordance with 
the Roman interpretation, it may indicate fixity or immo- 
bility. The one idea involuntarily led to the other. . In Gre- 
cian antiquity, in an age at least as remote as that of Anax- 
imenes of the Ionic school, or of Alcmteon the Pythagorean, 
all stars were divided into wandering {aarpa TTJ^avojfieva or 
nXavfjTo) and non-wandering fixed stars (dn^avelg aarepe^ 
or dnXavrj darpa).* Besides this generally adopted design* 
nation of the fixed stars, which Macrobius, in his Somnium 
SpipioniSt Latinized by Spluera aplanes,\ we frequently 
meet in Aristotle (as if he wishe^ to introduce a new tech- 
nical term) with the^phrase riveted stars, ivdedefiiva aarpa, 
instead of d7rAavJ^,:|: as ^ designation for fixed stars. From 
this form of speech arose the expressions of sidera infixa 
iXjdo of Cicero, Stellas qtuis puto/mus affiasas of Pliny^ and as- 

* Pseudo-Plat., De plac. PhUos., ii., 15, 16 ; Stob., Eclog. Phyt,, p. 
582 ; Plato, in the Timaus, p. 40. 

t Mucrob., Somn. Scip., i.« 9-10 ; siella inerrajUet, in CiCero, De Nat. 
Deorum, iii., 20. > 

t The principal passage in which we meet with the technical expres- 
Bion MedtfUva aaTpa^ is in Aristot, De GaUOf ii., 8, p. 289, 1. 34, p. 290, 
1. 19, Bekker. This altered nomonclatare. forcibly attracted my atten- 
tion in my investigations into the optics of Ptolemy, and his e3cperi- 
ments on refraction. Professor l^ranz, to whose philological acquire- 
ments I am indebted for frequent aid, reminds me that Ptolemy ISyn- 
tax, vii., 1) speaks of the fixed stars as affixed or riveted; &<rnep npO" 
ane^kdreg, ^ Ptolemy thus objects to the expression at^alpa airKavric 
{orbia inerrjans) ; " in as far as the stars constantly preserve their rela- 
tive distances, they might rightly be termed dirhivelf; but in as far as 
the sphere in which they complete their course, and in which they seem 
to have ^wn, as it were, has an independent motion, the designation 
&irXav^ is inappropriate if applied to the sphere." 
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trafixa of Manilius, whicli coResponds with our term fixed 
stars.* This idea of fixity leads to the secondary idea of 
immobility, of persistence in one spot, and thus the original 
signification of the expressions infixum or affixum sidus was 
gradually lost sight of in the Latin translations of the Mid- 
dle Ages, and the idea of immobility alone retained. This 
is already apparent in a highly rhetorical passage of Seneca, 
regarding the possibility of discovering new planets, in which 
he says {Nat. Qucest., vii., 24), " Credis autem in hoc max- 
imo et pulcherrimo corpore inter innumerabiles Stellas, quae 
noctem decore yario distinguunt, qu83 aera minime vacuum 
et inertem esse patiuntur, quinque solas esse, quibus exer- 
cere se lieeat ; ceteras stare Jixum et irnmobilem populum ?" 
"And dost thou believe that in this so great and splendid 
body, among innumerable stars, which by their various beau- 
ty adorn the night, npt sufiiering the air to remain void and 
unprofitable, that there should be only five stars to whom it 
is permitted to be in motion, while all the rest remain a fixed 
and immovable multitude ?" This fixed and immovable mul- 
titude is nowhere to be found. 

In order the better to classify the main xesults of actual 
observations, and the conclusions or conjectures to which 
they give rise, in the description of the universe, I will sep- 
arate the astrognostic sphere into the following sections : 

I. The considerations on the realms of space and the bodies 
by which they appear to be filled. 

II. Natural and telescopic vision,- the scintillation of the 
stars, the velocity of light, and the photometric experiments 
on the intensity of stellar Hght. . 

III. The number, distribution, and color of the stars ; the 
stellar iswsirms, aiid the 'Milky Way, which is interspersed 
with a few nebulsB. 

IV. The newly-appeared and periodically-changing stars, 
and those that have disappeared. 

V. The proper motion of the fixed stars ; the problematical 
existence of dark cosmical bodies ; the parallax and meas- 
ured distance of some of the fixed stars. 

VI. The double stars, and the period of their revolution 
round a common center of gravity. . ' * 

VII. The nebulae which are interspersed in the Magellanic 
clouds with numerous stellar "masses,' the black spots (coal- 
bags) in the vault of heaven. 

* Cicero, DeNat. Deorum, i, 13 ; Flio., ii., 6 and 24 ; •Manilius, ii;; 35. 
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THt REALMS OP SPACE, AND CONJECTURES REGARDING THAT WHICH 
APPEARS TO OCCUPY THE SPACE INTERVENING BETWEEN THE 
I^AVENLY BODIES. 

That portion of the physical description of the umyerse 
which treats of what occupies the distant regions of the 
heavens, filling the spisuse between th^e globular cosmical 
bodies, and is imperceptible to our organs, may not unaptly 
be compared to the mythical commencement of ancient his- 
tory. In infinity of space as well as in eternity of time, all 
things are shrouded in an uncertain and frequently deceptive 
twilight. The imagination is here doubly impelled to draw 
from its own fullness, and to give outline and permanence to 
these indefinite changing forms.* This observation will, I 
trust, sufiice to exonerate me from the reproach of confound- 
ing that which has been reduced to mathematical certainty 
by direct observation or measurement, with that which is 
founded on very imperfect induction. Wild reveries belong 
to the romance of physical astronomy ; yet the mind famil- 
iar with scientific labors delights in dweUing on subjects 
such as these, which, intimately connected with the present 
condition of science, and with the hopes which it inspires, 
have not been deemed unworthy of the earnest attention of 
the most distinguished astronomers of our day. 

By the influence of gravitation, or general gravity, as well 
as by light and radiating heat,t we are brought in contact, as 
we may with great probability assume, not only with our own 
Sun,' but also with all the other luminous suns of the firma- 
ment. The important discovery of the appreciable resist- 
ance which a ^uid filling the realms of space is capable of 
opposing to a comet having a period of revolution of five 
years, has been perfectly confirmed by the exact accordance 
of numerical relations. Conclusions based upon analogies 
may fill up a portion of the vast chasm which separates the 
certain results of a matihematical natural philosophy from 
conjectures verging on the extreme, and therefore obscure 
and barren confines of all scientific development of mind. 

From the infinity of space — an infinity, however, doubted 

• Casmott vol. i., p. 87. (Compare the admirable observationi of 
Encke, IMer die Anordnwng des SterTttyttems, 1844, s. 7.) 
t Co$mo»f Yol. i., p. 154, 155. 
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by Aristotle* — ^follows the idea of its immeasurability. Sep* 
arate portions only have been rendered accessible to meas- 
urement, and the numerical results, which far exceed the 
grasp of our comprehension, become a source of mere puerile 
gratification to those who delight in high numbers, and im- 
agine that the sublimity of astronomical studies may be 
heightened by astounding and terrific images of physical mag- 
nitude. The distance of 61 Cygni from the Sun is 657,000 
semi-diameters of the Earth^s orbit ; a distance which light 
takes rather more than ten years to traverse, while it passes 
from the Sun to the Earth in 8' IT'-IS. Sir John Herschel 
conjectures, from his ingenious combination of photometric 
calculations,! that if the stars in the great circle of the Milky 
Way which he saw in the field of his twenty-feet telescope 
were newly-arisen luminous cosmical bodies, they Would have 
required 2000 years to transmit to us the first ray of light. 
All attempts to present such nunlerical relations fail, either 
from the immensity of the unit by which they must be meas- 
ured, or from the high number yielded by the repetition of 
this unit. BesselJ very truly observes that " the distance 
which light traverses in a year is not more appreciable to 
us than the distance which it traverses in ten years. There- 
fore every endeavor must fail to convey to the mind any 
idea of a magnitude exceeding those that are accessible on 
the earth." This overpowering force of numbers is as clear- 
ly manifested in the smallest organislns of animal Hfe as in 
the milky way of those self-luminous suns which we call, 
fixed stars. What masses of Polythalamiae are inclosed, ac- 
cording to Ehrenberg, in one thin stratum of chalk I This 
eminent investigator of nature asserts that one cubic inch of 
the Bilin polishing slate, which constitutes a sprt of inount- 
ain cap forty feet in height, contains 41,000 millions of the 
microscdpic Galiondld distans ; while the same volume con- 
tains more than 1 billion 750,000 millions of distinct indi- 
viduals of Galionellaferruginea.h Such estimates remind 
us of the treatise named Arenarius (xpafiulri]^) of Archime- 
des — of the sand-grains which might fill the universe of 
space I If the starry heavens, by incalculable numbers, 
magnitude, space, duration, and length of periods, impress 

♦ Aristot., De Calo, 1, 7, p. 276. BekktBr. 

t Sir John Herschel, Outline* of Astronomy, 1849, $ 803, p. 541. 
X Bessel, iq Schumacher's Jahrbuchf&r 1 839, s. 50. ^ 
^ Ehrenberg, Abkcmdl. der BerL Akad., 1838, s. 59 ; also in his Jn/W- 
HonMthieref s. 170. 
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man 'with the conyiction of his o^wti insignificance, his phyi- 
ical weakness, and the ephemeral nature of his existence ; 
he is, on the other hand, cheered and invigorated by the 
consciousness of having been enabled, by the appHcation and 
development of intellect, to investigate very many important 
points in reference to the laws of Nature and the sidereal 
arrangement of the univei-ge. 

Although ndt only the propagation of light, but also a 
special form of its diminished intensity, the resisting medium 
acting on the periods of revolution of Encke's comet, and the 
evaporation of many of the large tails of comets, seem to 
prove that the regions of space which separate cosmical bod- 
ies are not void,* but filled with some kind of matter ; we 
must not omit to draw attention to the fact that, among the 
now current but indefinite expressions of " the air of heav- 
en" " cosmical (non-luminous) matter^" and " ether" the 
latter, which has been transmitted to us ^ta the earliest an- 
tiquity of Southern and Western Asia, has not always ex- 
pressed the same idea. Among the natural philosophers of 
India, ether {aka'sa) was regarded as belonging to the pant- 
schatdt or five elements, and was supposed to be a fluid of 
infinite subtlety, pervading the whole universe, and constitu- 
ting the medium of exciting Hfe as well as of propagating 
sound.t Etymologically considered, dkd'sa signifies, accord- 
ing to Bopp, " luminous or shining, and bears, therefore, in 
its fundamental signification, the same relation to the * ether' 
of the Greeks as shining does to burning.'* 

In the dogmas of the Ionic philosophy of Anaxagoras and 
Empedocles, this ether {aWrip) differed wholly from the act- 
ual (denser) vapor-charged air {drify which surrounds the 

*^ Aristotle (Phys. Auseult., iv., 6-10, p. 213-217, Bekker) proves, in 
opposition to Leacippas and Democritas, that there is no unfilled space 
— ^no vacuum in the universe. 

t Akd^ta signifies, according to Wilson's Sanscrit Dictionary, " the 
subtle and ethereal fluid supposed to fill and pervade the universe, and 
to be the peculiar vehicle of life and sound." " The word dkd^sa (lu- 
minous, shining) is derived fi*om the root kd^s (to shine), to which is 
added the preposition (i. The Quintuple of all the elements is called 
paniacheUd, or pant4ckatra, and ttie dead are, singularly enough, des!g« 
nated as those who have be^n resolved into the five elements (prdpta 
pantschcUray. Sach is the interpretation given in the text of Amara- 
Koscha, Amarasinha's Dictionary." — (Bopp.) Colebrooke*s admirable 
treatise on the SAnkhya Philosophy treats of these five elements; see 
Transact, of the Asiat. Soc:, vol. i.. Loud.. 1827, p. 31. Strabo refers, 
according to Megdsthenes (xv., ^ 59, p. 713, Oas.), to the all-forming 
fiflh element of the Indians, without, however, naming it. 
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earth, and " probably eztenda aa far as the moon." It wm 
of ** a fiery nature, a brightly-beaming, pure fire-air,* of great 
subtlety and eternal serenity." This definition perfectly co- 
incides with its etymological derivation from aWeiv, to bum, 
for which Plato and Aristotle, from a predilection for me- 
chanical views, singularly enough substituted another {del- 
deiv), on account of the constancy of the revolving and rota- 
tory movement.! The idea of the subtlety and tenuity of 
the upper ether does not appear to have resulted from a 
knowledge that the air on moimtains is purer and less 
charged with the heavy vapors of the earth, or that the dens- 
ity of the strata of air decreases with their increased height. 
In as far as the elements of the ancients refer less to mate- 
rial differences of bodies, or even to their simple nature (their 
incapacity of being decomposed), than to mere conditions of 
matter, the idea of the upper eliier (the fiery air of heaven) 
has originated in the primary and normal contraries of heavy 
and light, lower and upper, earth andjire. . These extremes 

* Bmpedocles, v. 216, calls the etber irofi^oav, brightly-beaming, 
and therefore self-luminoufi. 

t Plato, Cratyl., 410 B., where we meet with the expreBsion '6etderip, 
Aristot., De CcbIo, 1, 3, p. 270, Bek^., says, in opposition to Anaxagoras : 
aldipa icpoaavdfiaaav top dvuTdro rSnov, diro tov ^eiv aei tov aidiov 
XpSvov •^ifievoi ttiv eiruwfiiap avT0. 'Ava^ayopa^ de KaroKixptirai t^ 
ovoftari ToUrifi oi> koXuc • bvo/id^ei yap aldipa avrl irvpdc- We find this 
more circamstantially referred to in Aristot., Meteor., 1, 3, p. 339, lines 
21-34, Bekk. : " The so-called ether has an ancient designation, which 
Anaxagoras seems to identi^ with fire ; for, according to him, the up- 

Ser region is full of fire, and to be considered as ether ; in which, in- 
eed, he is correct. For the ancients appear to have regarded the body 
which is in a constant state of movement, as possessing a divine nature, 
and therefore called it ether, a substance wilh which we have nothing 
analogous. Those, however, who hold the space surrounding bodies to 
be fire no less than the bodies themselves, and who look upon that 
which lies between the earth and the stars as air, would probably re- 
linquish such childish fancies if they properly investigated the results of 
the latest researches of mathematicians." (The same etymology of this 
. word, implying rapid revolution, is referred to by the Aristotelian, or 
Stoic, anUior of the work De Mundo, cap. 2, p. 392^ Bekk.) Trofessor 
Franz has correctly remarked, " That the play of words in the designa- 
tion of bodies in etemalmotion {adpa ael ^iov) and o^the dimne (i^eiov) 
alluded to in the Meteorologica, is strikingly characteristic of the Greek 
type of imagination, and affords additional evidence of the inaptitude of 
the ancients for et^rmologioar inquiry." Professor Buschmann calls at- 
tention to a Sanscrit term, decfUra, ether or the atmosphere, which looks 
very like the Greek aid^p, with which it has been compared by Vans 
Kennedy, in his Retearcket into the Origin and Affinity of the principal 
Langvagee of Asia and Europe, 1828, p. 279. This word may also be 
referred to the root {as, ascK), to which the Indians attach the signifi- 
cation of shining or beaming. 
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are separated by two intermediate elementary conditions, of 
which the one, water, approximates most nearly to the heavy 
earth, and the other, air, to the lighter element of fire.* 

Considered as a mediam fiUing the regiona of space, the 
ether of Empedocles presents no other analogies excepting 
those of subtlety and tenuity with the ether, by whose trans- 
verse vibrations modem physicists have succeeded so hap- 
pily in explaining, on purely mathematical principles, the 
propagation of hght, with all its propjerties of double refrac- 
tion, polarization, and interference. The natural philosophy 
of Aristotle further teaches that the ethereal substance pen- 
etrates all the living organisms of the earth — both plants 
and animals ; that it becomes in these the principle of vital 
heat, the very germ of a psychical principle, which, uninflu- 
enced by the body, stimulates men to independent activity .f 
These visionary opinions draw down ether from the higher 
regions of space to the terrestrial sphere, and represent it as 
a highly rarefied substance constantly penetrating through 
the 'atmosphere and through soHd bodies; precisely similar 
to the vibrating light-ether of Huygens, Hooke, and modem 
physicists. . But what especially distinguishes the older Ionic 
from the modem hypothesis of ether is the original assump- 
tion of luminosity, a view, however, not entirely advocated 
by Aristotle. The upper fire-air of Empedocles is expressly 
termed brightly radiating (TTafupavduiv)^ and is said to be 
seen by the inhabitants of the earth in certain phenomena, 
gleaming brightly through fissures and chasms {x^l*^'''^) 
which occur in the firmament.:|: , 

The numerous investigations that have been made in re- 
cent times regarding the intimate relation between light, 
heat, electricity, and magnetism, render it far from improba- 
ble that, as the transverse vibrations of the ether which 
fills the. regions of space give rise to the phenomena of light, 
the thermal and electro-magnetic phenomena may likewise 

♦ Aristot., De Cah, iv., 1, and 3-4, p. 308, ai^d 311-312, Bekk. If 
the Stag] rite withholds from ether the character of a fifth element, 
.which indeed is denied by Bitter (^Geschiehte der Philoaophief th. iii., b. 
259), and by Martin (Etudes sur le Tim6e de Platon., t. ii., p. 150), it is 
only because, according to him, ether, as n condition of matter, has no 
contrary. (Compare Biese, Pkilosophie de» Arittoteles, bd. xi., s. 66.) 
Among the Pythagoreans, ether, as a fifth element, was represented by 
the fiuh of the regular bodies, the dodeeahedrony com][>osed of twelve 
pentagons. (Martin, t. ii., p. 245-250.) 

t See the proofs collected by Biese, op. ctt, bd. xi., s. 93. 

X Cosmoi, vol. i., p. 153. 

B 2 
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have their origin in analogous kinds of motion (currents). It 
is reserved for future ages to make great discoveries in rel- 
erence to these subjects. Light, and radiating heat, which 
is inseparable from it, constitute a main cause of motion and 
organic life, both in the non-luminous celestial bodies and on 
the surface of our planet.* Even far from its surface, in 
the interior of the earth's crust, penetrating heat calls forth 
electro-magnetic currents, which exert their exciting influ- 
ence on the combinations and decompositions of matter— on 
all formative agencies in the mineral kingdom — on the dis- 
turbance of the equihbrium of the atmosphere— and on the 
functions of vegetable and animal organisms. If electricity 
moving in currents develops magnetic forces, and if, in ac- 
cordance with an early hypothesis of Sir William fl!er8chel,t 
the sun itself is in the condition of " a perpetual northern 
light" (I should rather say of an electro-magnetic storm), we 
should seem warranted in concluding that solar light, trans- 
mitted in the regions of space by vibrations of ether, may be 
accompanied by electro-magnetic currents. 

Direct observations on the periodic changes in the decli- 
nation, inclination, and intensity of terrestrial magnetism, 
have, it is true, not yet shown with certainty that these con- 
ditions are affected by the different positions of the sun or 
moon, notwithstanding the latter's contiguity to the earth. 
The magnetic polarity of the earth exhibits no variations 
that can be referred to the sun, or which perceptibly affect 
the precession of the equinoxes. J The remarkable rotatory 
or oscillatory motion of the radiating cone of light of H alley's 
comet, which Bessel observed from the 12th to the 22d of 
October, 1835, and endeavored to explain, led this great as- 
tronomer to the conviction that theie existed k 'polar force, 

* Oompare the fine passage on the influence of the sun's rays in Sir 
John Herschel's Outlines of Astronomy, p. 237; " By the vivifying ac- 
tion of the sun's rays, vegetables are enabled to draw support from in- 
organic matter, and become, in their turn, the support ofanimals and 
of man, and the sources of those great deposits of dynamical efficiency 
which are laid up for human use in [our coal^ strata. By them the wa- 
ters of the sea are made to circulate in vapor through the air, and irri- 
gate the land, producing springs and rivers. By tnem are produced 
all disturbances of the CDemical equilibrium of the elements of nature, 
which, by a series of compositions and decompositions, give rise to new 
products, and originate a transfer of materials.'' 

t Philos, Transact, for 1795, vol. Ixxxy., p. 318 ; John Herschel, Out- 
Knes ofAstr., p. 238; see also Cosmos, vol. i., p. 189. 

t See Bessel, in Schumacher^s Astr- Nachr., bd. xiii., 1836, No. 300, 
», 201, 
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V whose action differed considerably from gravitation or tho 
ordinary attracting ferce of the sun ; since those portions of 
the comet which constitute the tail are acted upon by a re* 
puhive force proceeding from the body of the sun"^ The 
splendid comet of 1744, which was described by Heinsius, 
led my deceased friend to similar conjectures. 

The actions of radiating heat in the regions of space are 
regarded as less problematical than electro-magnetic phenom- 
ena. According to Fourier and Poisson, the temperature of 
the regions of space is the result of radiation of heat from the 
sun and all astral bodies, minus the quantity lost by absorp- 
tion in traversing the regions of space filled with ether. t 
Frequent mention is made in antiquity by the Greek and 
Eomant writers of this stellar heat ; not only because, from 
a universally prevalent assumption, the stars appertained to 
the region of the fiery ether, but because they were supposed 
to be themselves of a fiery nature} — ^the fixed stars and the 
sun being, according to the doctrine of Aristarchus of Samos, 
of one and the same nature. In recent times, the observa- 
tions of the above-mentioned eminent French mathemati- 
cians, Fourier and Poisson, have been the means of direct- 
ing attention to the average determination of the tempera- 
ture of the regions of space ; and the more strongly since the 
importance of such determinations on accoimt of the radia- 
tion of heat from the earth's surface toward the vault of 
heaven has at length been appreciated in their relation to 
all thermal conditions, and to the very habitability of our 
planet. According to Fourier's Analytic Theory of Heat, 
the temperature of celestial space \des espaces planStaires 
oil cUestes) is rather below tho mean temperature of the 
poles, or even, perhaps, below the lowest degree of cold hith- 
erto observed in the polar regions. Fourier estimates it at 
from —58° to —76° (from — 40° to — 48° Reaum.). The icy 
pole {pole glacial), or the point of the greatest cold, no more 

* BeBsel, op, cit,, «. 186-192, 229. 

t Foarier, Th^orie AncUytique de la Chaleur, 1822, p. ix. (Annale» 
de Chimie et de Phynqve, torn, iii., 1816, p. 350; torn. !▼., 1817, p. 128; 
torn. vL, 1817, p. 259 ; tom.xiii., 1820, p. 418.) Poiflson, in hift Tkiorie 
Maihimatique de la Chaleur ($ 196, p. 436, ^ 200, p. 447, and $ 228, p. 
521), attempts to give the Dumerical estimates of the stellar heat {char 
leur ttellaire) lost by absorption in the ether of the regions of space. 

t On the heating power of the stars, see Aristot., De Meteor., 1, 3» 
p. 340, lin. 28 ; and on the elevation of the atmospheric strata at which 
heat is at the minimum, consult Seneca, in Nat, Quaet,, ii., 10 : ** Sa- 
periora enim a^ris calorem vicinorum siderum sentiant." 

$ Pint., J>e plae, Pkilos., ii., 13. 
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corresponds vith the terrestrial pole than does the thermal 
equator, ivhich connects together the hottest points of all 
taeridians with the geographical equator. Arago concludes, 
from the gradual decrease of mean temperatures, that the 
degree of cold at the northern terrestrial pole is — 13°, if the 
maximum cold ohserved hy Captain Back at Fort Reliance 
(62° 46' lat.) in January, 1834, were actually —70° (— 56°-6 
Cent., or — 4 5° -3 Reaum.).* The lowest temperature that, 
as far as we know, has as yet been observed on the earth, is 
probably that noted by Ncveroff, at Jakutsk (62° 2' lat.), 
on the 21st of January, 1838. The instruments used in 
this observation were compared with his own by Middendorff, 
whose operations were always conducted with extreme ex- 
actitude. Neveroff found the temperature on the day above 
named to be —76° (or — 48° Reaum.). 

Among the many grounds of uncertainty in obtaining a 
numerical result for the thermal condition of the regions of 
space, must be reckoned that of our inability at present to 
ascertain the mean of the temperatures of the poles of great- 
est cold of the two hemispheres, owing to our insufficient ac- 
quaintance with the meteorology of the antarctic pole, from 
which the mean annual temperature must.be determined. I 
attach but little physical probability to the hypothesis of Pois- 
Bon, that the different regions of space must have & very va- 
rious temperature, owing to the unequal distribution of beat- 
radiating stars, and that the earth, during its motion with the 

• Arago, Sur la Temperature du Pdle et des espaces Cilestet, m the 
Annuaire du Bureau des Long, pour 1825, p. 189, etpour 1834, p. 192; 
also Saigey, Phynque du Olobe, 1832, p. 60-76. Swauber^ found, feom 
considerations on refraction, that the temperature of the regions of space 
was —58^.5. — Berzeliufl, Jahresbericht fur 1830, s. 54. Arago, from 
polar observations, fixed it at —70° ; and Pectet at —760. Saieey, by 
calculating the decrease of heat in the atmosphere, from 367 observa- 

• tions made by myself in the chain of the Andes and in Mexico, found it 
—85° ; and from thermometrical measurements made at Mont Blanc, 
and durinc the aeronautic ascent of Gay-Lussac, — 107°'2. Sir John 

' HepBchel {Edinbureh Revieia, vol. 87, 1848, p. 223) gives it at — 132°. 
We feel considerable surprisft, and have our faith in the coiToctness of 
the methods hitherto adopted somewhat shaken, when we find that 
Poisson, notwithstanding thfit the mean temperature of Melville Island 
(74° 47' N. lat.) is — 1° 66', gives the mean temperature of the regions 
of space at only 8°-6, havijig obtained his data from purely theoretical 
premises, according to which the regions of space are warmer than the 
outer limits of the atmosphere (see the work already referred to, $ 227, 
p. 520) ; while Pouillet states it, from actinometric experiments, to be 
as low 88 — 2230-6. See Comptes Rendu$ de VAeadimie des Sciences, 
tom. vii., 1838, p. 25-6.). 
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whole solar system, receives its internal heat from without 
while passing through hot and cold regions.* 

The question whether the thermal conditions of the celes- 
tial regions, and the climates of individual portions of space, 
have suffered important variations in the course of ages, de- 
pends mainly on the solution of a problem warmly discussed 
by Sir William Herschel : whether the nebulous masses are 
sul]jected to progressive processes of formation, while the cos- 
mical vapor is. being condensed around one or more nuclei in 
accordance with the laws of attraction ? By such a con- 
densation of cosmical vapor, heat must be liberated, as in 
every transition, of gases and fluids into a state of soli4iflca- 
tion.t If, in accordance with the most recent views, and 
the important observations of Lord ILosse and Mr.. Bond, we 
may assume that all nebulsB, including those which the high- 
est power of optical instruments has hitherto failed in resolv- 
ing, are closely crowded stellar swarms, our faith in this per- 
petually augmenting liberation of heat ^ must necessarily be 
in some degree weakened. But even small consolidated cos- 
mical bodies which appear on the field of the telescope as 
distinguishable luminous points, may change their density 
by combining in larger masses ; and many phenomena pre- 
sented by our own planetary system lead to the conclusion 
that planets have been solidified from a state of .vapor, and 
that Hieir internal heat owes its orig^i to the formative pro- 
cess of conglomerated matter. 

It may at first sight seem hazardous to term the fearfully 
low temperature of the regions of space (which varies be- 
tween the freezing point of mercury and that of spirits of 
wine) even indirectly beneficial to the habitable climates of 
the earth and to animal and vegetable life. But in proof of 
the accuracy of the expression, we need, only refer to the ac- 
tion of the radiation of heat. The sun- warmed surface of 
our planet, as well as the atmosphere to its outermost strata, 
^ freely radiate heat into space. The loss of heat which they 
experience arises from the difierence of temperature between 
the vault of heaven and the atmospheric strata, and from the 
feebleness of the counter-radiation.* How enormous would 
be this loss of heat,^ if the regions of space,' instead of the 

* See I^oisson, TkSorie Mathim. de la Chcdeur^ p. 438. According 
to him, the coDsolidation of the earth's strata began from the center, ana 
advanced gradually toward the surface; $193, p. 429. Compare also 
Cotmot, vol. i„ p. 176, 177. t Cosmos, vol. i., p. ^,84, 144. 

i " Were there no atmosphere, a thermometer freely exposed (at sun- 



Digitized by LjOOQ IC 



38 C08M0B. 

temperature they now possess, and which we designate as 
— 76° of a mercury thermometer, had a temperature of about 
— 1400° or even many thousand times lower I 

It still remains for us to consider two hypotheses in rela* 
tion to the existence of a fluid filling the regions of space, 
of which one — ^the less firmly-based hypothesis-* Tefers to the 
limited transparency of the celestial regions ; and the other, 
founded on direct observation and yielding numerical resultSi 
is deduced from the regularly shortened periods of revolution 
of Encke's comet. Olbers in Bremen, and, as Struve has ob- 
served, Loys de Cheseaux at Geneva, eighty years earlier* 
drew attention to the dilemma, that since we could not con- 
ceive any point in the infinite regions of space unx>ccupied by 
a fixed star, t. «., a sun, the entire vault of heaven must ap- 
pear as luminous as our sun if light were transmitted to us 
in perfect intensity ; or, if such be not the case, we must as- 
sume that light experiences a diminution of intensity in its 
passage through space, this diminution being more excessive 
than in the inverse ratio of the square of the distance. As 
we do not observe the whole heavens to be almost uniformly 
illumined by such a radiance of light (a subject considered 
by Halleyt in an hypothesis which he subsequently rejected), 
the regions of space can not, according to Cheseaux, Olbers, 
and Struve, possess perfect and absolute transparency. The 
results obtained l^y Sir William Herschel from gauging the 

Bet) to the heating ioflae^ce of the earth's radiation, and the cooling 
power of its own into 8[>ace, would indicate a mediam temperature be- 
tween that of the celestial spaces ( — 132° Fahr.) and that of the earth's 
surface below it, 82° Fahr., at tlie equator, 3^° Fahr., in the Polar Sea, 
Under the equator, then, it would stand, on the average, at , — 25^ Fahv., 
and in the Polar Sea at —-68° Fahr. The presence of the atmosphere 
tends to prevent the thermometer so exposed from attaining these ex- 
treme low temperatures : first, by imparting heat by conduction ; sec- 
ondly, by impeding radiation outward.'' — Sir John Herschel, in the 
Edinburgh Review^ vol. 87, 1848, p. 222. « Si la chaleur des espaces 
plan6taires u'oxistait point, notre atmosphere 6prouverait un refroidis- 
semeut, dont on ne peut fixer la limite. Probablement la vie des plantes 
et des animaux serait impossible & la surface du globe, ou rel6gn6e dans 
une fetroite zone de cette surface." (Saigey, Physique du Globe^ P«^70 

* TraiU de la Comite de 1743, avee une Addition sur la farce de la 
Lumiire et ta Propagation dans V^ther^ et sur la distance des itoiles fixes; 
par Loys de Cheseaux (1744). On the transparency of the regions of 
space, see Olbers, in Bode's Jahrbuchfur 1826, s. 110-121 ; and Struve, 
Etudes d^Astr. Stellaire, 1847, p. 83-93, aud note 95. Compare also 
Sir John Herschel, Outlines of Astronomy. J 798, and Cosmos, vol. i., p. 
151,152. ' 'F 

t Halley, On the Infinity of the Sphere of Fixed 8tara, in the Philot* 
Transact. f vol. xxxi., for the year 1720, p. 22-26. 



Digitized by LjOOQ IC 



RE8IBTINO MEDIUM. 38 

Stars,* and from his ingenious experiments on the space-pen- 
etrating power of his great telescopes, seem to show, that if 
the hght of Sirius in its passage to us through a gaseous or 
ethereal fluid loses only y Ji^*^ ^^ ^^^ intensity, this assump- 
tion, which gives the amount of the density of a fluid capa- 
ble of diminishing light, would suffice to explain the phe- 
nomena as they manifest themselves. Among the doubts 
advanced by the celebrated author of " The New Outlines 
of Astronomy" against the views of Olbers and Struve, one 
of the most important is that his twenty-feet telescope shows, 
throughout the greater portion of the Milky Way in both hem- 
ispheres, the smallest stars projected on a black ground.f 

A better proof, and one based, as we have already stated, 
upon direct observation of the existence of a resisting fluid,^ 
is aflbrded by Encke's comet, and by the ingenious and im- 
portant conclusion to which my friend was led in his observ- 
ations on this body. This resisting medium must, however, 
be regarded as diflerent from the all-penetrating hght-ether, 
because the former is only capable of ofTering resistance in- 
asmuch as it can not penetrate through solid matter. These 
observations require the assimiption of a tangential force to 
explain the diminished period of revolution (the diminished 
major axis of the ellipse), and this is mqst directly aflbrded 
by the hypothesis of a resisting fluid. 4 The greatest action 

* Cotmotf vol. i, p. 86, 87. 

t " Throughout by far the larger portion of the extent of the Milky 
Way in both hemispheres, the general blacknest of the ground of the 
heavens, on which its stars are projected .... In those regions whei'o 
the zone is clearly resolved into stars, well separated, and seen projected 
on a black ground^ and where we look out beyond them into space. . . .'' 
—Sir John Herschel, Ow^/ines o/^«^., p. 537, 539. 

X Cosmos, vol. i., p. 85, 86, 107 ; compare also Laplace, Esaai Philot" 
ophique sur les ProbabiMtiSj 1825, p. 133; Arago, m the Annuaire du 
Bureau des Long, ^four 1832, p. 188, pour 1836, p. 216 ; and Sir John 
Herschel, Outlines of Astr.j ^ bifl. 

$ The oscillatory movement of the emanatious from the head of some 
comets, as in that of 1744, and in Halley's, as observed by Bessel, be- 
tween the I2th and 22d of October, 1835 (Schumacher, Astron, Naehr^t 
Nos. 300, 302, $ 185, 232), "may indeed, iu the case of some individ* 
uaU of this class of cosnucal bopies, exert an influence on the transla- 
tory and rotatory motion, and lead us to infer the action of polar forces 
($201, 229), which differ from the ordinary attracting force of the sun ;'* 
but the regular acceleration observable for sixty-three years in £ncke*s 
comet (whose period of revolution is 3^ years), can not be regarded as 
the result of incidental emanations.' Compare, on this cosmically im- 
portant subject, Bessel, in Schum., Astron, Nachr., No. 28d, s. 6, and 
No. 310, s. 345-350, with Encke's Treatise on the hypothesifl of the roo 
listing medium, in Schum., No. 305> s. 265-274. 
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is manifested during the twenty-five days immediately pre- 
ceding and succeeding the comet's perihelion passage. The 
value of the constant is therefore somewhat difiereut, because 
in the neighborhood of the sim the highly attcauated but 
still gravitating strata of the resisting fluid are denser. Gi- 
bers maintained"!^ that this fluid could not be at rest, but 
must rotate directly round the sun, and therefore the resist- 
ance offered to retrograde comets, like Hall^y's, must difler 
wholly from that opposed to those comets having a direct 
course, like Encke's. The perturbations of comets having 
long periods of revolution, and the diflerence of their magni- 
tudes and sizes, complicate the results, and render it difi- 
cult to determine what is ascribable to individual forces. 

The gaseous matter constituting the belt of , the zodiacal 
light may, as Sir John Herschelf expresses it, be merely the 
denser portion of this comet-resisting medium. Although it 
may be shown that all nebulae are crowded stellar masses, 
indistinctly visible, it is certain that innumerable comets All 
the regions of space with matter through the evaporation of 
their tails, some of which have a length of 56,000,000 of 
miles. Arago has ingeniously shown, on optical grounds,^ 
that the variable stars which always exhibit white light 
without any change of color in their periodical phases, might 
aflbrd a means of determining the superior .limit, of the dens- 
ity to be assumed for cosmical ether, if we suppose it to be 
equal to gaseous terrestrial fluids in its power of refraction. 

The question of the existence of an ethereal fluid filling 
the regions of space is closely connected with one warmly 
agitated by Wollaston,§ in reference to the definite limit of 
the atmosphere — a limit which must necessarily exist at the 
elevation v^rhere the specific elastidty of the air is equipoised 
by the force of gravity. Faraday's ingenious ^experiments on 

* Olbere, in Schum., Astr. Naehr,, No. 26a,'s. 58. 

t Outlines of Astronomy ^ $ 556, 597. 

X **En assimUant la matUre tris rare qui remplit let espaees e^leetet 
quant a tes propri4tfs rifringentes awx gas tertestres, 4a density de teUe 
mati^rene saurdU d€passer une eertaineiimUe dtmt let observations det 
€totles ehangeantes, p. e.celles d' Algol oudeffde Persie, peuvent asHgner 
la valeur,'^-Aragom the Annuaire pour 1842, p. 336-345. " On 6oZ 
^T%^f extremeVrare matter occupying the regions of space with 
Kil^Stln;?;?^ "^T"^* '^ '"^ refractive parties, we shaSfindXt 
the density of this matter can not exceed a'^definite limit, >vhose value 
M^oUrff:^^^ observations of variable sta«, as,' for instant" 
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ike limits of an atmosphere of mercury (that is, the elevation 
at which mercurial vapors precipitated on gold leaf cease 
perceptibly to rise in an air-filled space) have given consid- 
erable weight to the assumption of a definite surface of the 
atmosphere '* similar to the surface of the sea.". Can any 
gaseous particles belonging to the region of space blend with 
our atmosphere and produce meteorological changes ? New- 
ton^ inclined to the idea that such might be the case. If 
we Tegard faUing stars and meteoric stones as planetary as- 
teroids, we may be allowed to conjecture that in the streams 
of the so-called November phenomena,! when, as in 1799, 
1833, and 1834, myriads of falling stars traversed the vault 
of heaven, and northern lights were simultaneously observed, 
our atmosphere may have received from the regions of space 
some elements foreign to it, which were capable of exciting 
electro-magnetic processes. 



II. 

NATURAL AND TELESCOPIC VISION.— SCINTILLATION OF THE STARS. 
—VELOCITY OF LIGHT.— RESULTS OF PHOTOBIETRY. 

The increased power of vision yielded nearly two hundred 
and fifty years ago by the invention of the telescope, has af- 
forded to the eye, as the organ of sensuous cosmical contem- 
plation, the noblest of -all aids toward a knowledge of the 
contents of space, and the investigation of the configuration, 
physical character, and masses of the planets and their sat- 
ellites. The first telescope was constructed in 1608, seven 
years after the death of the great observer, T^cho Brahe. 
Its earliest fruits were the successive discovery of the satel- 
htes of Jupiter, the Sun's spots, the crescent shape of Venus, 
the ring of Siaturn as a triple planetary formation (planeta 
tergeminus), telescopic stellar swarms, and the nebulsB in 
Andromeda.t In 1634, the French astronomer Morin, emi- 
nent for his observations on longitude, first conceived the idea 
of mounting a telescope on the index bar of an instrument 
of measurement, and seeking to discover Arcturus by day. 4 

♦ Newton, Prine. Maikem., t. iii. (1760), p. 671: ''Vapores qui ex 
■ole et stellis fixia et eaudis cometarum oriuntur, incidere possunt m at- 

mosphierafl pknetarum " + Cotmoty voL i., p. 124-135. 

t See Cosmot, vol. ii., p. 317-335, with notes. ,, 

$ Delarabre, Hittmre de CAttronomie Modeme, torn, u., p. 3d3, 46», 
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The perfection in the graduation of the arc would have failed 
entirely, or to a cousiderable extent, in afibrding that great- 
er precision of observation at which it aimed, if optical and 
astronomical instruments had not been brought into accord, 
and the correctness of vision made to correspond with that 
of measurement. The micrometer-application of fine threads 
stretched in the focus of the telescope, to which that instru- 
ment owes its real and invaluable importance, was first de* 
vised, six years afterw&rd (1640), by the young and talented 
Gascoigne.* 

While, as I have already observed, telescopic vision, ob- 
servation, and measurement extend only over a period of 
about 240 years in the history of astronomical science, we 
find, without including the epoch of the Chaldeans, Egyp- 
tians, and Chinese, that more than nineteen centuries have 
intervened between the age of Timochares and Aristillusf 
and the discoveries of Galileo, during which period the posi- 
tion and course of the stars were observed by the eye alone, 
unaided by instruments. When we consider the numerous 
disturbances which, during this prolonged period, checked the ^ 
advance of civilization, and the extension of the sphere of 
ideas among the nations inhabiting the basin of the Medi- 
terranean, we are astonished that Hipparchus and Ptolemy 
should have been so well acquainted with the precession of 
the equinoxes, the complicated movements of the planets, the 
two principal inequalities of the moon, and the position of the 
stars ; that Copernicus should have had so great a knowledge 
of the true system of the universe ; and that Tycho Brahe 
should have been so familiar with the methods of practical 
astronomy before the discovery of the telescope. Long tubes, 

272. Morin, in his work, Scientia LongUudinufnf which appeared in 
1634, writes as follows: Applicatio tuH optici ad alhidadam pro gtdlU 
JixU prompte et accurate mensurandis a me excogitata est. Picard bad 
not, up to the year 1667, employed any telescope on the mai:al circle; 
and Hevelius, when Halley visited hjni at Dantzic in 1679, and admired 
the precision of his measurement of altitades, was observing through 
improved slits or openings. (Baily's Catal. of Stars, p. 38.) 

* The unfortunate Gascoif ue, whose merits remained so long unac- 
knowledged, losj; his life, when scarcely twentv-three years of age, at 
the battle of Marston Moor, fdught by Cromwell against the Royalists. 
See Derham, in the Philos. Transact., Vol. xxx., for 1717-1719, p. 603 
-6 1 0. To him belongs the merit of a discovery which was long inscribed 
to Picard and Auzout, and which has given an impulse previously un- 
known to practical astronomy, the principal object of which is to de^ 
termlne positions in the vault of heaven. 

t Cotmoe, vol. ii., p. 177, 178. 
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which were certainly employed by Arabian astronomers, and 
very prohably also by the Greeks and Romans, may indeed, 
in some degree, have increased the exactness of the obserya- 
tions by causing the object to be seen through diopters or slits. 
Abul-Hassan speaks very distinctly of tubes, to the extremi- 
ties of which ocular and object diopters were attached ; and 
instruments so constructed were used in the observatory 
founded by Hulagu at Meragha. If stars be more easily 
discovered during twilight by means of tubes, and if a star 
be sooner revealed to the naked eye through a tube than 
without it, the reason lies, as Arago has already observed, in 
the circimistance that the tube conceals a great portion of the 
disturbing light {radons perturbateurs) diiSused in the atmos- 
pheric strata between the star and the eye applied to the tube. 
In like manner, the tube prevents the lateral impression of the 
faint hght which the particles of air receive at night &om all 
the other stars in the finnament. The intensity of the image 
and the size of the star are apparently augmented. In a fre- 
quently emendated and much contested passage of Strabo, in 
which mention is made of tooking through tubes, this " en- 
larged form of the stars" is expressly mentioned, and is erro- 
neously ascribed to refraction* 

* The passage in which Strabo (Ub. iii., p. 138, Casaub.) attempts to 
refuto the views of Posidonios is given as follows, according to the 
manuscripts : *' The image of the son is enlarged on the seas at its ris- 
ing as well as at its Betting, because at these times a larger mass of ex- 
halations rises from the humid element ; and the eye, looking through 
these exhalations, sees images refracted into larger forins, as observed 
through 4ub€8» The same thing happens when the setting sun or moon 
is seen through a dr^ and thin cloud, when those bodies likewise appear 
reddish." This passage has recently been pronounced corrupt (see 
Kramer, in Strabonis Geogr.j 1844, vol. i., p. 211), and 61 vaknv (through 
glass spheres) substituted for 6i oi'XcJv (Schneider, Eclog. Phys., vol. ii., 
p. 273). The magnifying power of hollow glass spheres, filled with 
water (Seneca, i.^ 6), was, indeed, as iamiliar to the ancients as the ac- 
tion of buming-glasses'or crystals (Aristoph., Nub.^ v. 765), and that of 
Nero's emerald (Plin., xxxvii., 5) ; but these spheres most assuredly 
could not have been employed as astronomical measuring instruments. 
(Compare Cosmos^ vol. ii., p. 245, and note |.) Solar altitudes, taken 
through thin, light clouds, or through volcanic vapors, exhibit no trace 
of the influence of refraction. (Humboldt, Recveil d^Obaerv. Aatr.f vol. 
i., p. 123. J Colonel Baeyer , observed Ho angular deviation in the heli- 
otrope lignt on the passage of streaks of mist, or even from artificially 
developed vapors, and therefore fully confirms Arago's experiments. 
Peters, at Pulkowa, in no case found a difference of 0"*017 on' compare 
ins groups of stellar altitudes, measured in a clear sky, and through ' 
light clouds. See his Recherchea mr la Parallaxe des Efoiles, 1848, p. 
80, 140-143 ; also Struve's Etudes Stellaires, p. 98. On the application 
of tabes for astronomical observation in Arabian iustrumento, see Jour- 
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Light, fiom whatever source it comes — ^whether fiom the 
sun, as solar light, or reflected from the planets ; from the 
fixed stars ; from putrescent wood ; or as ^e product of the 
vital activity of glow-worms — always exhibits the same con- 
ditions of refraction.* But the prismatic spectra yielded by 
different sources of light {aa the sun and the fixed stars) ex- 
hibit a difference in the position of the dark lines {rates du 
spectre) which WoUaston first discovered in 1808, and the po- 
sition of which was twelve years aflerward so accurately de- 
termined by Fraunhofer. While Ihe latter observer counted 
600 dark lines (breaks or interruptions in the colored spec- 
trum), Sir David Brewster, by his admirable experiments with 
nitric oxyd, succeeded, in 1833, in counting more than 2000 
lines. It had been remarked that certain lines failed in the 
spectrum at some seasons of the year ; but Sir David Brew- 
ster has shown that this phenomenon is owing to different al- 
titudes of the sun, and to the different absorption of the rays 
of light in their passage through the atmosphere. In the eqpeo- 

dain, 8ur V Observatoire de Meragha^ p. 27; and A. S6dil1ot, M6m. ntr 
let Instruments Astronomiques des Ardbes, 1841, p. 198. Arabian astron- 
omers have also the merit of having first employed large gnomons with 
small circular apertores. In the colossal sextant of Abu Mohammed 
al-Chokandi, the limb, which was divided into intervals of five niinates, 
received the image of the sun. '* A midi les ravons da soleil passaient 
par une ouverture pratique dans la vo0te de Pobservatoire qui couvrait 
I'instrament, suivant le tuyau, et formaient sur la concavity du sextant 
une image circulaire, dont le centre donnait, sur Tare gradu^, le com- 
plement de la h&uteur du soleil. Cet instrument difiere de notre mural, 
qu*en ce qu'il etait garni d'un simple tuyau au lieu d*une lunette." ** At 
noon, the rays of the sun passed throuffn an opening in the dome of the 
observatory, above the instrument, and, following the tube, formed in 
the concavity of the sextant a circular image, the center of which marked 
the sun's altitude on the graduated limb. This instrument in no way 
differed from our mural circle, excepting that it was furnished with a 
mere tube instead of a telescope." — S6diUot, p. 37, 202, 205.* Dioptric 
rulers (pinnulm) were used by the Greeks and Arabs in determining 
the moon's diame£er, and were constructed in such a manner that the 
circular aperture in the moving ohject diopter was larger than that 
of the fixed ocular diopter, and was drawn out until the lunar disk, seen 
through the ocular aperture; completely filled the object aperture. — 
Delambre, Hist, de VAstron. du Moyen Age, p. 201 ; and S6diilot, p. 198. 
.The adjustmejQt of the dioptric rulers of Archimedes, with round aper- 
tures or slits, in which the direction of the shade ws of two small cylin- 
ders attached to the same index bar was noted, seems to have been orig* 
inally introdi^ced by Hip^archus. (Baily, Hist, de VAstron. Mod,, 2d 
ed., 1785, torn, i., p. 480.) Compare also Theon Alexandrin., Bas., 1538, 
p. 257, 262; Les Hypotyp. de Proclus Diadockus, ed* Halma, 1820, p. 
107, 110 ; and Ptolem, Almdg., ed. Halma, torn, i., VaK, 1813, p. Ivii. 

* According to Arago. See Moigno, Rupert. ^ Optique Modeme, 1 847 , 
p. 153. 
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tra of the light reflected fiom the moon, £rom Venus, Man, 
and the clouds, we recognize, as might he anticipated, all the 
peculiarities of the solar spectrum ; hut, on the other hand, 
the dark lines in the spectrum of Sirius difler from those of 
Castor and the Other fixed stars. Castor likewise exhihits dif- 
ferent hues from Pollux and Procyon. Amici has confirmed 
this difference, which was first indicated by Fraunhofer, and 
has ingeniously called attention to the fact that in fixed stars, 
which now have an equal and perfectly white light, the dark 
lines are not the same. A wide and important field is thus 
stiU open to future investigations,* for we have yet to distin- 
guish between that which has been determined with certain- 
ty and that which is merely accidental aud depending on the 
absorbing action of the atmospheric strata. 

"We must here refer to another phenomenon, which is pow- 
erfully influenced by the specific character of the source di 
light. The light a£ incandeiscent solid bodies, and the light 
of the electric spark, exhibit great diversity in the number 
and position of Wollaston's dark lines. From Wheatstone's 
remarkable experiments with revolving minors, it would ap- 
pear that the fight of irictional electricity has a greater veloc- 
ity than solar light in the ratio of 3 to 2 ; that is to say, a ve- 
locity of 95,90& miles in one second. , 

The stimulus infused into all departments of optical science 
by the important discovery of polarization,! to which the in- 
geiaious Mains was led in 1808 by a casual observation of the 
fight of the setting sun reflected from the windows of the Pa- 
lais du Luxembourg, has afforded unexpected results to sci- 
ence* by the more thorough" investigation of the phenomena of 
double refi:action, of ordinary (Huygens's) and of chrom^itic po- 
larization, of interference, and of diffraction of light. Among 
these results may be reckoned the means of distinguishing 
between direct and reflected light,} the power of penetrating, 

- '^ On the relation of ^e dark lines on the solar spectram in the Dft- 
ffuerrebtype, see Comptes Rendtu des Siimceade VAcctdimie desScieneetf 
torn, xiv., 1842, p. 902-904, and torn. xvi.rl843, p. 402-«^407. 

+ Cosmos t vol. ii., p. 332. 

X Arago's investigation of cometary light may here be adduced as an 
instance of the important difference between proper and reflected light. 
The formation of the complementary colors, red ana green, showed by 
the application of his discovery (in 1811) oichromtUie polarization^ that 
the light of Halley's comet (1835) contained reflected solar light. I was 
myself present at the earlier experiments for comparing, by means of 
the eopial and unequal intensity of the images of the polariscope, the 
proper light of Capella with the splendid comet, as it suddenly emerged 
from the rays of the sun at the beginning of July , 1 819. (See Annuairt 
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as it were, into the oonstitation of the body of tlie ran and 
of its luxninouB envelopes,* of measuring the pressure of at- 

iM Bureau des Long, pour 1836, p. 232 ; Cowmo$^ vol. i., p. 105 ; and Bet* 
lel, in SchumachePi Jakrbtieh fyr 1837, 169.) 

* Letire de M. Arago a M. Alexandre de Humboldt, 1840, p. 37 : <« A 
I'aide d'an oolariscope de mon invention, je reconnus (avaat 1820) que 
la lumi^re ae tons lea corpB terrestres incandescenu, eolides on liquides, 
est de la lumi^re naturelle, tant qu*elle 6mane da corps sous des inci- 
dences perpendiculaires. La lumi e re, an contraire, qui sort de la surface 
incandescente seas un angle aigu, ofire des marques manifestes de po« 
larisation. Je ne m'arrete pas k te rappeler ici, comment je d^daisis 
de ce £Eiit la coua^(]^aeuce curiease que la lumi<^re ne s^engendre pas 
seulement k la surface des corps; ou'une portion nait dans leur sub* 
stance mime, cette substance fdit^lle au platine. J*ai seulement besoia 
de dire qu'en r6 pi tant la meme s^rie d'^pceuyes, et avec les m^mes 
instruments sur la lumidre que lance une substance gaseute eoflamm^Te, 
on ne lui larouve, sous quelque inclinaieon que ce toit, aucun des carac- 
t^res de la lumiire polarisie; que la lumidre des gaz, prise k la sortie 
de la surface enflamm^e, est de la lumiere naturelle, ce qui n'emp^che 
pas qu'ell'e ne se polarise eosuite compldtement si on la soumet k des 
rtflea^ions ou k des r6fnictions conveuables. De 1^ une m^thode tr^a 
simple pour d^couvrir k 40 millions de lieues de distance la nature da 
soleil. La lumidre provenant du bard de eet astrCf la lumidre 6man6e 
de la mati^re aolaire sout un angle aigu, et noas arrivant sans avoir 
6proav6 en route des reflexions ou des refractions sensibles, ofire-t-elle 
des traces de polarisation, le soleil est un corps solide ou Hquide, S'il 
n'y a, au contraire, aucun indice de polarisation dans la lumidre du bord, 
la parte incandescente du soleil est gazeuse, C'est par cet euchalnement 
m^thodique d*observatioDS qu'on peat arriver k des notions exactes sar 
la constitution physique du soleil." 

** By the aid of my polariscppe I discovered (before 1820) that the 
light of all terrestrial objects in a state of incandescence, whether they 
be solid or liquid, is natural as long as it emanates firom the object in 
perpendicular rays. The light emanating from an incandescent surface 
at an acute angle presents, on the other nand, manifest proofs of polar- 
ization. I wiu not pause to remind you that this circumstance has led 
me to the^ remarkable conclusion that light is not generated on the sur- 
face of bodies only, but that some portion is actually engendered within 
the substance itself, even in the case of platinum. I need only here ob- 
serve, that in repeating the same series of experiments (and with the 
same instruments) on the light emanating from a burning gaseous sub- 
stance, I could not discover any characteristics of polarized light, what' 
wer might be the angle at which it emanated ; and I found that the light 
of gaseous bodies is natural light when it issues from the burning sur- 
face, although this circumstance does not prevent its subsequent com- 
plete polarization, if subjected to suitable reflections or refractions. 
Hence we obtain a most simple method of discovering the nature of the 
sun at a distance of 40 millioas of leases. For if the light emanating 
from the margin of the sun, and radiating from the solar substance ai an 
acute angle, reach ud without having experienced any sensible reflec- 
tions or refractions in its passage to the earth, and if it ofier traces of 
polarization, the sun must be a solid, or a liquid body. But if, on the 
contrary, the light emanating from the sun's margin give no indications 
of polarization, the incandescent portion of the sua mast be gaseous. It 



Digitized by LjOOQ IC 



POLARIZATION OF LIGHT. 47 

mospheric fltrata, and even the smallest ameiml erf* water they 
oontain, of scrutiniziiig the dq[»ths of the ocean and its rocks 
by means of a touimaline plate,* and, in accordance with 
Newton's prediction, of comparing the chemical eompositionf 
of several substances:!: with their optical effects. It will be 
sufficient to mention the names of Airy, Arago, Biot, Brew- 
ster, Cauchy, Faraday, Fresnel, John Herschel, Lloyd, Ma- 

lus, Neumann, Plateau, Seebeck, to remind the sci* 

entific reader of a succession of splendid diflcoveries and of 
their happy ^plications. The great and intellectual labors 
of Thomas Young more than prepared the way for these im* 
portant efforts. Arago's polariscope and the observation of 
the position of colored fringes of diffraction (in consequence 
of interference) have been extensively employed in the pros- 
ecution of scientific inquiry. Meteorology has made equal 
advances with physical astronomy in this new path; 

However diversified, the power of visioti may be in difier* 
ent persons, there is .nevertheless a certain average of organ- 
is by means of sach a methodical sequence of observations tbat We may 
acquire exact ideas regarding the physical -confititotion of the san.^ 
(On the Envelopes of me San, see Arago, in the AnntMire pour 1846, 
p. 464.) I give all the circumstantial optical disquisitions which I have 
twrrowed from the manuscript or printed works of mv friend^ in his 
own words, in order to avoid the' misconceptions to which the variations 
of scientific terminology might give rise in retranslating the passages 
into French, or any other of the varions languages in which the Cosnuft 
has appeared. 

* '* Sur Tefiet d'line lame de tourmaline 'taiI16e paralUlement aux 
aretes du prisme servant, lorsqu^elie est convenablement 8im6e, k 61i- 
miner en totality les rayons r^H^chis par la surface de la mer et mdl^s k 
la lumidre provenant de V^cQeiL" " On the effect of a tpurmaline plate 
cut parallel to the edges of the prism^ in concentrating (when placed in 
a suitable, position) all the rays of light reflected by the surface of the 
sea, and blended with the light emanating from the sunken rocks.'' 
See Arago, Instructiont de la Sonitef in the Annuaire pour 1836, p. 339 
-343. - 

t " De la possibility de determiner les poavoirs r^firingentB des corps 
d'aprds lenr composition chtmiquei'' On the possibility of determining 
the refractins powers of bodies according to their chemical composition 
(applied to the ratio of the oxygen to the nitrogen in atmospheric air, 
to the quantity of hydrogen contained in ammonia and in water, to car- 
bonic acid, alcohol, and the diamond). See Biot et Ara^o, Mimoire 
mir les AJUniUs des Corps pour la Lumiire, Mars, 1806 ; abo Mimoires 
MeOhem. et Phys. de VJn^itutf t. vii., p. 327-346 ; and my Mimoire sur 
les Rifractions Astronomiques dans la Zone TorridCf in the Recueit 
d^Ohserv. Astron.t vol. i., p. 115 and 122. 

X Expirienc6s de M. Arago sur la puissance Rifractive des Corps Du 
apkanes {de Vair sec et. de Pair humide) par le Diplacement des Franges, 
in Moigno, Ripertoire d'Optique Mod., 1847, p. 159-162. 
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io capacity, which was the same among fonner gfenerations, 
as, for instance, the Greeks and Romans, as at the present 
day.' The Pleiades prove that several thousand years ago, 
even as now, stars which astronomers regard as of the sev- 
enth magnitude, were invisible to the naked eye of average 
visual power. The group of the Pleiades consists of one 
'star of the third magnitude, Alcyone ; of two of the fourth, 
lElectra and Atlas ; of three of the fifth, Merope, Maia, and 
Taygeta ; of two between the sixth and the seventh magni- 
tudes, Pleione and Gelaeno ; of one between the seventh and 
the eighth^ Asterope ; and of many very minute telescopic 
stars. I make use of thd nomenclature and order of succes- 
sion at present adopted, as the same names were among the 
ancients in part applied to other stars. The six first-named 
stars of the third, fourth, and^fifth magnitudes were the only 
ones which could be readily distinguished.^ Of these Ovid 
says {Fast,, iv., 170), 

" Quae septem dici, sex tamen esse sclent.*' 

One of the daughters of Atlas, Merope, the only one who 
was wedded to a mortal, was said to. have veiled herself for 
very shame, or even to have wholly disappeared. This is 
probably the star of about the seventh magnitude, which we 
call Gelteno ; for Hipparchus, in his commentary on Atatus, 
observes that on clear moonless nights seven stars may ac- 
tually be seen. Celsno, therefore, must have been seen, for 
Pleione, which is of equal brightness, is too near to Atlas, a 
star of the fourth magnitude. 

The little star Alcor, which, according to Triesnecker, is 
situated in the tail of the Great Beax, at a distance of 11' 

* Hipp&rcfauB say9 (oi AtoH Pkan., 1, p. 190, in Uranologio Petavii), 
in refatation of the. assertion of Aratas that; there were only six stars 
vi8ibleintheFleiad.es: " One star escaped the attention of Aratns. For 
when the eye is attentively fixed on this constellation on a serene and 
moanleu fUghtf seven starli are visible, and it therefore seems strange 
that Attains, in his description of the Pleiades, should have neslected 
to notice this oversight on the part of Aratus, as though he regarded the 
statement as correct.*' Merope is called the invinble (irava^v^c) in 
the Catatteriims (XXIII.) ascribed to Eratosthenes. On a supposed 
connection between the name of the veiled (the daughter of Atlas) with 
the geographical myths in the Meropit of Theopompus, as well as with 
the great ScUurnian Continent of Plutarch and the Atlantis, see my Ex- 
amen Crit, de VHist, de laOSograpkie; t. i., p. 170. Compare also Ideler, 
Untertuchungen fiber din Ursprung vnd die Bedeuiung der Stemnamen, 
1809, p. 145 ; itnd in reference to astronomical determination of place, 
c^nsalt Madler, Untenuek. ttber die Fixstem-Systemef th. ii., 1848, s. 36 
and 166; also Baily, in the Mem. of the Astr. i^oc, vol. xiii., p. 33. 
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48'' from Mizar, is, according to Aigelander, of thd fifth 
magnitude, but overpowered by the rays of Mizar. It was 
called by the Arabs Saidak, " the Test," because, as the Per- 
sian astronomer Kazwijii* remarks, " It was employed as & 

* See Ideler, Stemnament s. 19 and 25. Arago, in manuscript notices 
of the year 1847, writes as follows: ** On observe qu'une lumi^re forte 
&at disparaltre une lami^re fiiible placee dans le voisinage. Quelle 
peut en 6tre la cause 1 U est possible physiologiquement que I'^bran- 
lement communiqu6 k la r6tine par la lunu^e forte s'^t^nd an del& def 
points que la lumi^re forte a £rapp6s, et que cet 6branlement seoon- 
daire absorbe et neutraUse en qnel<)ue sorte P^branlement provenant de 
la seconde et faible lumi^re. Mais sans entrer dans ces causes physio- 
logiques, Hy a, une cause directe qu'on peut indiquer pour la dispari- 
tion de la faible lumi^re: c*est que les rayons provenant de la grande 
n'ont pas seulement forrn^ une image nette sur la retine, mais ne sont 
disj>en^s aussi sur toutes les parties de cet organe ^ cause des imper-. 
fections de transparence de la com6e. Les rayons du corps plus bril- 
lant a en travers^t la com^e se oomportent comme en traversant un 
corps legdrement d^poli. Une partie des ces rayoils refractes r^guli^re- 
ment forme Timage n^me de a, I'autre partie dispense Claire la totality 
de la ratine. C'est done sur ce fond lumineux que se projette Pimage 
de To^et voisin b, Gette demi^re image doit done ou disparaltre on 
^tre anaiblie. De jour deux causes contribuent & raffaiblissement dea 
6toiles. L'une d^ ces causes c'est I'image distincte de cette portion de 
Tatmosph^re comprise dai;i8 la direction de I'^toile (de la portion afiri- 
enne placee entre fceil et T^toile) et sur laquelle Timage de Tetoile vient 
de se peindre ; I'autre cause c'est la lumi^re diffuse provenant de la dis- 
persion que les d^fauts de la com^e imprlment auz rayoua ^mauantsxie 
tons les points de Tatmosphdre visible. De nuU les couches tflmosph^ 
riques interpos^es entre Vceil et I'^toile vers laquelle on vise, u'ugissent 
pas ; cihaque ^toile du firmament forme une image plus nette, mais une 
partie de leur lumi^re se trouve dispecs^e k cause du manque de dia- 
phanit^ de la com6e» Le mdme raisonnement s'applique 4 une deux- 
idme, troisidme . . . « miUi^me ^toile. La ratine se trouve done ^lai- 
r6e en totality par une lumi^re diffuse, proportionnelle an nombre de 
ces ^toiles et k leur ^lat. On conceit par ik que cette somme de lu- 
midre diffuse affaiblisse ou. fiisse enti^rement disparaltre Timage do 
r^toile vers laquelle on; diriee la vue." 

*' We find that a strong light causes a fainter one placed near it to dis- 
appear. What can be uie cause of this phenomenon t It is physiolog- 
icidly possible that the vibration communicated to the retina by strong 
lisht may extend beyond the points excited by it; and that this secondary 
vibration may in some desree absorb and neutralize that arising from the 
second feeble light. . Without^ hovvever, entering upon these physiologic- 
al Considerations, there4s a direct cause to which we may refer the disap- 
pearance of the feeble light, Viz., that the rays emanating from the strong 
light, after forming a perfect image on the retina, are dispersed over all 
parts of this organ in consequence of th^ imperfect transparency of the 
cornea. The rays of the more brilliant body «, in passing the cornea, 
are affected in the same manner as if they were transmitted through a 
body whose surface was not perfectly smooth. Some of these regttlarly 
refracted rays form the image a, while the remainder of \\ie dispersed 
rays illumine the whole of the retina. On. this luminous groiind the 
Vol. IIL— 
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test of the power of vimon." Notwitiiftanding the low po- 
sition of the Great Bear under the tropics, I have very dis- 
tinctly seen Alcor, evening after evening, with the naked 
eye, on the rainless shores of Cumana, and on the plateaux 
of the Cordilleras, which are elevated nearly 13,000 feet 
ahove the level of the sea, while I have seen it less frequ^it- 
ly and less distinctly in Europe and in the dry atmosphere 
of the Steppes of Northern Asia. The limits within which 
the naked eye is unable to separate two very contiguous ob- 
jects in the heavens depend, as Madler has justly observed, 
on the relative brilliancy of the stars. The two stars of the 
third and fourth magnitudes, marked as a Capricomi^ which 
are distant from each other six and a half minutes, can with 
ease be recognized as separate. Galle thinks that e and 5 
LyrsB, being both stars of th^ fourth magnitude, may be dis- 
tinguished in a very clear atmosphere by the nidted eye, al- 
though situated at a distance of only three and a half min- 
utes from each other. 

The preponderating efifect of the rays of the neighboring 
planet is also the principal cause of Ju^Mter's satellites re- 
maining invisible to the naked eye ; they are not all, how- 
ever, as has frequently been maintained, equal in brightness 
to stars of the fifth magnitude. My &iendi Dr. Galle, has 
found from recent estimates, and by a comparison with 
neighboring stars, that the third and brightest satellite is 
probably of the fifth or sixth magnitude, while the others, 
which are of various degrees of brightness^ are all of the uxth 
or seventh magnitude. There are only few cases on record 
in which persons of extraordinarily acute vision — ^that is to 
say, capable of clearly distinguishing with the naked eye 

image of the neighboring object b is projected. This last image mast 
therefore either wholly dfisappear or be dimmed. By day two causes 
contribate to weaken the light of the stara; one is the distinct image 
of that portion of the atmosphere included in the direotion of the star 
(the aSnal fi^d interposed between the eye and the star), and on which 
the image of the star is formed, while the other is the light diffused by 
the dispersion which the defects of the cornea, impress on the rays eni- 
anatin^ from all points of the Tiaible atmosphere. At night, the strata 
of air interposed between die eye and the star to which we direct the 
instniment, exert no disturbing action ; each star in the firmament forms 
a more perfect image, but a portion of the light of the stars is disp^red 
m consequence of the imperfect transparency of the cornea. The same 
r Asomng apphes to a second, a third, or a tfaoosandth star. The retina, 
then, IS entirely illumined by a diffused Hght, proportionate to the num- 
ber of the stars and to their brilliancy. Hence we may imagine that 
the aggregate of this diffused light must either weaken, or OTtirely ob- 
literate the nnage of the star toward which the eye is du-ected." 
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Stan fainter than those of the sixth magnitude — ^have been 
able to distinguish the sateUites of Jupiter without a tele- 
scope. The angular distance of the third and brightest sat- 
eUite from the center of the planet is 4' 42'' ; that of the ) 
fourth, which is only one sixth smaller than the largest, is 
8' 16'' ; and all Jupiter's satellites sometimes exhibit, as Ar- 
ago maintains,* a more intense light for equal surfaces than 

* Arago^ m the Annfunre pour IS42, p. 284, and m the Compie$ 
RendtUy torn, xr., 1842, p. 754). (Scham., A^ron. Naehr., No, 702.) 
'f I have inBtitated some calcttlations of magnitades, in reference to yoar 
coi^ectores on the viribility of Japiter'B satellites,'* writes Dr. Galle, in 
letters addressed to me^ ** b«t I have found, contrary to my expecta- 
tions, that they are not of the fifth magnitude, but, at most, only of the 
■ixth, or even of die sciYenth magnitude. The tl^rd and brightest sat. 
eltite akme appeared nearly eqoal in brightness to a nei^hmxring star 
of the sixth magnitade, which I coold scarcely reco^se with the naked 
eye, even at some distance from Jupiter; so that^ considered in refer- 
ence to the brightness of Jupiter, this satritite would probably be of the 
fifth or dixth magnitude if it were isolated firom the punet. The fourth 
satellite was at its greatest elongation, but yet I cotiid not estimate it at 
more than the seventh ma^itude. The rays of Jupiter would not pre* 
vent tins satellite firom bemg seen if it were itself brighter. From a 
comparison of Aldebania with the neiffhbering star $ Tauri, winch is 
easily reco^ized as ai double star (at a dutance of 5i minutes), X should 
estimate the radiation of Jupiter at five or six minutes, at least, for or- 
dinary vision." ^ These estimates correspond with tiiose of Arago, who 
is even of opinion that this fidse radianon may amount in the case of 
some persons to double this quantity. The mean distances of the four 
satellites fitun the center d the main planet are undoubted^ 1' 51", 
^ 57", 4' 42", and 8' 16". '* Si nous supposons que Timage de Jupiter, 
dans certains yeux exceptionnels, s'6panouisse seulement par des ray- 
ons d'une ou deux minutes d'amptitude, il ne seiilibleni pas impossible 
que les sat^lites soient de teins en temv aper^s, sans avoir besoin de 
reoourir k I'artifice de TampHfication. Pour verifier eette coigecture, 
j'ai fait construiie une petite lunette dans laouelle Tobjectif et Tocu- 
ttire ont a qpu pr^s le m^me foyer, et qui d^s lors ne gra$nt point, 
Oette lunette ne d^troit pas entierement les rayeos divergents, mais 
elle en r6duit consid^rabwment Ibl lonerjeur. Cela a saffi pour qu'un 
satellite eonvenablement 6cart6 de la pTaa^te, seit devenn ^ble. Le 
fiut a M constat^ par ton^. les jenaes a^trenomes de robservatoire." 
" If we snopose that the image of Jupiter appears to the eyes of some 
persons to be dilated by rays of only one or two minutes, it is not im- 
possible that the satellites niay from time to time be aeen ^tfaoat the 
aid of magnifying glasses. In order to verify this conjecture, I caused 
a small instrument to be constructed in whieh the elgect-glass and the 
eye-piece had neariy the same focas, and which, thoefote, did not mar 
i^y. This, instrument does not entirely destroy the diverging rays, id 
though it considerably reduces their lenelh. This methodhas sufficed 
to render a satellite risible when at a suffieient distance from the planet. 
This observadon has been confirmed by all the young astronomers at 
the Observatory." (Arago, in the Conmtes Rendu*, torn, xv., 1843, p. 
751.) . 
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Jupiter himself; occasionally, however, as showii by recent 
observations, they appear like gray spots on the planet. The 
rays or tails, which to our eyes appear to radiate from the 
planets and fixed stars, and which were used, since the ear- 
liest ages of mankihd,^ and especially among the Egyptians, 
as pictorial representations to indicate the shining orbs of - 
heaven, are at least from five to six minutes in length. 
(These lines are regarded by Hassenfratz as caustics on the 
crystalline lens : intersections des deuz caustigties.) 

" The image of the star which we see with the naked eye 
is magnified by diverging rays, in consequence of which it 
occupies a larger space on the retina than if. it were concen- 

• As a remakable instance of acute vision, and of the great sensibility 
of the retina in some individuals who are able to see Jupiter's satellites 
with the naked eye, I may instance the c^e of a master tailor, named 
SchOn, who died at Breslau ill 1837, and with reference to whom I hav« 
received some interesting communications from the learned and active 
director of the Breslau Observatory, Von Boguslawski. ** After having 
(since 1820) convinced ourselves, by several ri^d tests, that ip serene 
moonless nights Sch5n was able correctly to indicate the position of sev- 
eral of Jupiter's satellites at the same time, we spoke to him of the em- 
anations and tails which appeared to prevent dthers from seeing so 
clearly as he did, when he expressed his astonishment at these ob- 
structing radiations. From the animated discussions between himself 
and the by-standers regarding the difficulty of seeing the satellites with . 
the naked eye, the conclusion was obvious, that the planet and fixed 
stars must always appear to SchOn like luminous points having no rays. 
He saw the third satellite the best, and the first very plainly when it 
was at the greatest dimssion, but he never saw the second and the 
fourth alone. When the air was not in a very favorable condition, the 
satellites appeared to him like faint streaks of light. He never mistook 
small fixed stars, for satellites, probably on account of the scintiUatins 
and less constant light of the former. Some years before his death 
SchOn complained to me that his failing eye could no longer distinguish 
Japiter's satellites, whose position was only itidicated, even in clear 
weather, by light faint streaks." These circumstances ^tirely coin- 
cide with what has been long known regarding the relative luster, of 
Jupiter's satellites, for the brightness and quality of the light probably 
exert a greater influence than mere distance from the main planet on 
persons of such great perfection and sensibility of vision. SchOn never 
saw the second nor the fourth satellite. The former is the smallest of 
all ; the latter, although the largest after the third and the most remote, 
is periodically obscured by. a oark color, and is generally the faintest 
of all the satellites. Of me third and the first, which were best and 
most frequently seen by the naked eye, the former, which is the largest 
of all, is usually the brightest, and of a very decided yellow color; the 
l)Eitter occasionally exceeds jn the intensity of its clear yellow light, the 
luster of the third, which is also much larger. (Madler, Astr.f 1846, 
s.. 231-234, and 439.) Sturm and Airy, in the Compies Rendu»iX. xx.,< 
p. 764-^, show how, under piroper conditions of refraction in the organ 
of vision, remote luminooa poinics may appear as light streaks. ; 
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trated in a single, point. The impression on the nerved is 
weaker. A very dense starry swann, in which scarcely any 
of the separate stars belong even to the seventh magnitude, 
may, on the contrary, be visible to the unaided eye in con- 
sequence of the images of the many different stars crossing 
each other upon the retina, by which every sensible point of 
its surface is more powerfully excited, as if by one concen* 
trated image.*** , 



• « 



L'image ipaiiouie d^xme 6toile de 7eme gran4eni' n'^branle {mis 
iiuffisamment la ratine : elle nV &it pas naltre une seiiBatioii appr6ciar 
ble de lumidre. Si Pimage nUtait poi$U Spanouie (par des rayons di« 
▼ergents), la sensation aorait plus de force, et r^toile se yerrait. La 
I>remi^re classe d^^toiles invisibles 4 Toeil nn ne serait plus alors.la sep- 
tic me: pour la trouver, il faudrait peut-dtre descendre alors jusqu'i la 
12enie. Consid^rons un groupe d*6toiles de 7^me grandeur tellement 
rapproch^es les uaes des autres que les intervidles 6cnappent necessaire- 
meiit k I'oBi). Si la vision avait de la nettetif si Timage de chaque 6toile 
6tait tr^s petite et bien termin6e, Pobservateur aperceverait an champ 
de lumidre dont chaque point aurait Vielat concentri d'une 6toile de 
7eme grandeur. Vtdai concentri d'une 6toile de 7^me grandeur soffit 
k la vision i Uceil nu. Le groupe serait done visible i ra>il nu. Di- 
latons maintenant sur la ratine Pimage de chaque 6toile du groupe ; 
rempla^ons chaque point de I'an^ienne image g6n6rale par un petit cer^ 
cle: ces cercles etnpi^teront les uns sur. les autres, et les divers points 
de la r6tin^ se trouveront 6clair6s par de la lumi^re venant simultan - 
ment de plusieurs 6toiles. Four pen qu'on y r^fl^chiase, il restera Evi- 
dent qu' except^ sur les bords de Timage g6n6rale, I'aire lumineose 
ainsi 6clair6e a pr^b6ment,. k cause de la superposition des cercles, la 
mdme intensity que dans le cas oi^ chaque 6toiIe n*6claire qu'un seul 
point au fond de rceil ; mais si chacun de ces points revolt une lumi^re 
6gale en intensity k la lumi^re concentric d'une 6toile de 7^me gran- 
deur, il est clair que l'6panoai88ement des images individuelles des 
^toiles contigues ne doit pas emp^cher la visibility de Tensemble. Les 
instruments telescopiques pnt, ^uoiqu'4 un beaucoupmoindre degr6, le 
d6&ttt de donner aussi auz 6toiles un diam^tftc sensible etfactice. Avec 
ces instruments, comme k Pceil nu, on doit done apercevoir des troupes, 
composes d'^toiles ini'^rieures en intensity it celles que les memos lu- 
nettes ou telescopes feraient apercevoir isol^ment." 

*' The expanded image of a star of the seventh magnitude does not 
cause sufficient vibration of the retina, and does not give rise to an ap* 
preciable sensation of li^ht. If the image were not expanded (by di- 
vergent rays), the sensation would be stronger and the star discernible. 
The lowest magnitude at which stars are visible would not therefore 
be the seventh, but some magnitude as low perhaps as the twelfth de- 
gree. Let us consider a group of stars of the seventh ma^itude so 
close to one another that the intervals between them necessarily escape 
the eye. If the sight were very eleart and the image of each star small 
and well defined, the observer would perceive a field of light, each 
point of which would be equal to the concentrated brightness pf a star 
of the seventh magnitude. The concentr«lted light of a star of the sev- 
enth magnitttdd is sufficient to be seeii by the naked eye. The group, 
therefore, would be visible to the naked eye. Let us now dilate the 
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Telescopes, although in a much less degree, unfortunately 
also give the stars an incorrect and spurious diameter ; but, 
according to the splendid investigations of Sir William Her- 
schel,^ these diameters decrease with the increasing power 
of the instrument. This distinguished observer estimated 
that, at the excessive magnifying power of 6500, the appar* 
ent diameter of Vega LyrsB still amounted to 0''36. In ter« 
restrial objects, the form, no less than the mode of illumina* 
tion, determines the magnitude of the smallest angle of vision 
for the naked eye. Adams very correctly observed that a 
long and slender staff can be seen at a much greater distance 
than a square whose sides are equal to the diameter of the 
staff. A stripe may be distinguished at a greater distance 
than a spot, even when both are of the same diameter. Ara- 
go has made numerous calculations on the influence of form 

S outline of the object) by means of angular measurement of 
listant lightning conductors visible from the Paris Observa- 
tory. The minimum optical visual angle at which terres- 
trial objects can be recognized by the naked eye has been 
gradually estimated lower and Iowct fiam the time when 
Eobert Hobke fixed it exactly at a full minute, and Tobias 
Mayer required 34'' to perceive a black speck on white pop- 
per, to the jperiod of Leeuwenhpek's experiments with spi- 
der's threads, which are visible to ordinary sight at an angle 
of 4"*7. In the recent and most accurate experiments of 
Hueck, on the problem of the movement of the crystalline 

imase of each etar of the groap on tixe retina, and sabstitate a small 
circle for each point of tfai9 former general^ image ; these circles will 
imfnnge upon one another, and the diflferent points of the retina will 
be illamined by light emanating simottaaeously from many stars. A 
slight consideration will show, that, excepting at the margins of the 
C^neral ima^e, the Inminoas air hfeui, iq consequence of the saperpon- 
tion of the circles, the same degree of intensi^ as in Aose cases where 
each star/ iUununes only oiie single point of the retina; bat if each of 
these points be illumined by a nght eqnal in intensity to the concen- 
trated light of ajtiur of the Mventh magnitude, it is evident that the 
dilatation of the indiyidual images of cootigoous stars can not prevent 
the visibility of the whole. Teleseopdc instruments have the defect, 
although in a much less degree, of giving the stan a sensible and spu^ 
rious diameter. We therefore perceive with instruments, no less dian 
with the nieiked eye, groups of stars, inferior in intensity to those which 
the same. telescopic or natural sight would recognize ff ihey were iso- 
lated.'' — Arago, m the Annmaire du Bwngau diet LongUudet pour Vaim 
1842, p. 284. 

* Bur William Hersohel, in the PkUot. TroHioet, for 1803, vol. 93, 
p. ^5, and for 1805, vol. 94, p. 184. Compare a]/K> Arago, in the Ai^ 
nuairepour 1842, p. 360-^4. 
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lens, white lines on a black ground were seen at an angle 
of 1"'2 ; a spider^s thread at 0"'6 ; and a fine glistening 
wire at scarcely 0'''2. This problem does not admit gen- 
eraUy of a numerical solution, since it entirely depends on 
the form of the objects, their iUumination, their contrast with 
the back-ground, and on the motion or rest, and the nature 
of the atmospheric strata in which the observer is placed. 

During my visit at a charming country-seat belonging to 
the Marquess de Selvalegre at Chillo, not far from duito, 
where the long-extended crests of the volcano of Piehincha 
lay stretched before me at a horizontal distance, trigonomet- 
rically determined at more than 90,000 feet, I was much 
struck by the circumstance that the Indians who were stand- 
ing near me distinguished the figure of my traveling com- 
panion Bonpland (who was engaged in an expedition to the 
volcano) as a white point moving on the black basaltic sides 
of the rock, sooner than we could discover him with our tel- 
escopes; The white moving image was soon detected with 
the naked eve both by myself and by my friend the nnfor- 
tunate son of the marquess, Carlos Montufar, who subsequent- 
ly perished in the civil war. Bonpland was enveloped in a 
white cotton mantle, the poncho of the country ; assnming 
the breadth acrosis the shoulders to vary from tloree to five 
feet, according as the mantle clung to the figure or fluttered 
in the breeze, and judging from the known distance, we found 
that the angle at which die moving object could be distinctly 
seen varied from 7" to 12". White objects on a black ground 
are, according to Hueck's repeated experiments, distinguish - 
ed at a greater distance than black objects on a white ground. 
The light was transmitted in serene weather through rar- 
efied strata of air at an elevation 15,360 feet above the 
level of the sea to out station at Ohillo, which was itself sit- 
uated at an elevation of 8575 feet. The ascending distance 
was 91,225 feet, or about 17| miles. The barometer and 
thermometer stood at very different heights at both stations, 
being probiEkbly at the upper one about 17*2 inches and 46°'4, 
while at the lower station they were found, by accurate ob- 
servation, to be 22-2 inches and 65°-7. Gauss's heliotrop'b 
light, wldch has become so important an element in Gefman 
trigonometrical measurements, has been seen with the naked 
eye reflected from the Brocken on Hohenhagen, at a distance 
of about 227,000 feet, or more than 42 miles, being fre- 
quently visible at points in which the apparent breadth of a 
three-inch mirror was only 0'''43. 
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The visibility of distant objects is modified by the absorp- 
tion of the rays passing from the terrestrial object to the 
naked eye at unequal distances, and through strata of air 
more or less rarefied and more or less saturated with moist- 
ure ; by the degree of intensity of the light difiused by the 
radiation of the particles of air ; and by numerous meteoro- 
logical processes not yet fully explained. It appears from 
the old experiments of the accurate observer Bouguer that 
a difi[erence of ^^th in the intensity of the light is necessary 
to render objects visible. To use his ovm expression, we 
^nly negatively see mountain-tops from which but little light 
is radiated, and which stand out from the vault of heaven in 
.the form of dark masses ; their visibility is solely owing to 
.the difierence in the thickness of the atmospheric strata ex- 
tending respectively to the object and to the horizon. Strong- 
ly-illumined objects, such as snow-clad mountains, white 
.chalk plifis, and conical rocks of pumice-stone, are seen pos- 
itivdy. 

The distance at which high mountain summits may be 
jrecognized from the sea is not devoid of interest in relation 
to practical navigation, where exact astronomical determina- 
tions are wanting to indicate the ship's place. I have treat- 
ed this subject more at length in another work,* where I 
considered the distance at which the Peak of Teneriffe might 
be seen. 

The question whether stars can be ^en by dayhght with 
the naked eye through the shafts of mines, and on very high 
mountains, has been with me a subject of inquiry since my 
early youth. I was aware that Anstotle had maintained! 

* Hamboldt, Rilation Hitt. du Voyage aux Rigiotu Equinox. ^ torn, 
i., p. 92-97 ; aod Bouguer, TraiU d^Optique, p. 360 arid 365. (Com- 
pare^ alBO, Captain Beechey, in the MantuU of ScitaiiAe Inquiry for ih9 
Ute of the Royal Navy, 1849, p. 71.) 

t The passage in AristdUe referred to by Bufibn occurs in a work 



where we should have least expected to find it— 1>« Oenerat. Animal., 
V. i., p. 786, Bekker. Literally translated, it runs as follows : '' Keen- 
ness of sight is as much the power of seeing far as of accurately distin- 
guishing the differences presented by the objects viewed. These two 
properties are not met with in tlie same individuals. For he who holds 
tds hand over his eyes, or lookt through a tube, is not, on that account, 
more or less able to distinguish differences of color, although he will see 
objects at a greater distance* Hence it arises that persons in caverns 
or citterns are occasionally enabled to see stars." The Grecian 'Opvyfia- 
TO, and more especially ^piara, are, as an eye-witness, Professor Franz, 
observes, subterranean cisternfi or reservoirs which communicate with 
the light and air by means of a vertical shaft, and widen toward the bot- 
tom, fike the neck of a bottle. Pliny (lib, u.> cap. 14) says^ " Altitudo 
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tUat stars might oocasioiULily be seen from caverns and cis- 
terns, as through tubes. Pliny alludes to the same circum- 
stance, and mentions the stars that have been most distinctly 
recognized during solar echpses. While practically engaged 
in mining operations, I was in the habit, during many yean, 
of passing a great portion of the day in mines where I could 
see the sky through deep shafts, yet I never was able to ob- 
serve a star ; nor did I ever meet with any individual in 
the Mexican, Peruvian, or Siberian mines who had h6aid of 
stars having been seen by daylight ; although in the many 
latitudes, in both hemispheres, in which I have visited deep^ 
mines, a sufficiently large number of stars must have passed 
the zenith to have afibrded a favorable opportunity for their 
being seen. Considering this negative evidence, I am the 
more struck by the highly credible testimony of a celebrated 
optician, who in his youth saw stars by daylight through the 
shaft of a diinmey.* Phenomena, whose manifestation de- 
pends on the accidental concurrence of favoring circum- 
stances, ought not to be disbelieved on account of their 
rarity. 

The same principle must, I think, be applied to the asser-' 
tion of the profound investigator Saussure, that stars have 
been seen with the naked eye in bright daylight, on the de- 
clivity of Mont Blanc, and at an elevation of 12,757 feet. 
** Q,uelques-uns des guides m*ont assur6 avoir vu des 6toiles 
en plein jour ; pour mot je n'y songeais pas, en sorte que je 
n'ai point 6t6 le t^moin de ce ph6nomene ; mats Vassertion 
umforme des guides ne me laisse aticun doute sur la ria- 
litS. 11 faut d*ailleurs etre entierement a Tombre d'une 6pais- 
seur considerable, sans quoi Tair trop fortement 6clair6 fait 
evanouir la faible clart6 des 6toiles." ** Several of the guides 
assured me/' says this distinguished Alpine inquirer, "that 

cogit minores videri stellaa ; afi^xas coelo eolis fulgor interdia non cemi, 
qaam leqae ac nocta laceant ; idqae manifestum fiat defectu »olis et pr^B-' 
altis put€i9»" Cleomedes ( Cyel. Theor., p. 83, Bake^ doeB not speak of 
stars seen by day, bat as^rts ** that the sun, when ooserved from deep 
cisterns, appears larger, on account of the darkness and the damp air." 
* ** We have ourselves heard it stated by a celebrated optician that 
the earliest circumstance which drew his attention to astronomy was 
the regular appearance, at a certain hour, for several successive days, 
of a considerable star, through the shaft of a chinmey."-- John Herschel, 
Outlines of Aatr,, $ 61. The chimney-sweepers whom I have ques- 
tioned agree tolerably well in the statement that " they have never seen 
stars by day, but that, when observed at night, through deep shafts, thei 
•ky appeared quite near, and the stars larger.'* I will not enter upon 
any discussion regarding the connection between these two illupioiui. . 

C 2 
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they had se^ stan ftt hioad daylight : Bot halving myielf 
heea a witnecw of this pheiiomenoiL, I did not pay much at* 
t«iition to it, but the imaiuinottB asaertions of the guides left 
me no doubt of its reality.* It is essential, however, that 
the observer should be placed entirely in the shade, and that 
he should even have a thick and massive shade above his 
head, since the stronger light of the air would otherwise dis* 
p^rse the fisdnt image of the stars." These conditions are 
therefore nearly the same as those presented by the cisterns 
of the aneients, and the chinmeys «bove refeired to. I do 
not find this remairkable statem^tit (made on the morning of 
the 2d of August^ 11&7) in any other description of the Swiss 
mountains. Two- welLinfbrmed, admirable observers, the 
brothers Hermann and Adol|di Schlagentweit, who have re- 
cently explored the eastern Alps as far as the summit of the 
Gross Glockner (13,016 feet), were never able to see stars 
by daylight, nor could they hear any report of such a phe- 
nomenon having been observed among the goatherds and 
chamois-hunters. Although I passed mai^ years in the 
Cordilleras of Mexico, Qruito, and Peru, land frequently in 
clear weather aitoended, in company with Bonpland, to ele- 
vations t>f more than fifteen or sixteen thousand feet above 
the level of the sea, I never Could distinguish stars by day- 
light, nor was my friend Boussingault more successful in his 
subsequent expe(&tions ; yet the heavens were^ of an azure so 
intensely deep, that a eyanometer (made, by Paul of Geneva) 
which had stood at 39^ when observed by Saussure on Mont 
Blanc, indicated 46^ in the zenith imder the tropics at ele- 
vations varying between 17,000 and 19,000 feet.f Under 
the serene ethepally-pure sky of Cumanay in the {dains near 
the sea-shore, I have frequently been, able, after observing an 
eclipse of Jupiter's satellites, to find the planet again with 
the naked eye, and have most distinctly seen it when the 
mm's disk was from 18° to 20^ above the horizon. 

The present would seem a fitting place to notice, although 
cursorily, another optical phenomenon, which I only observed 
once during my numerous mountain ascents. B^ore sunrise, 
on the 22d of June, 1799$ when at Malpays, on the decliv- 
ity oi the Peak of Tener^e, at an elevation of about 1 1 ,400 
feet above the sea's level, I observed with the naked eye 

* Oonralt Saassore, Voyage dam let JUpes (Neachatel, 1779, 4to}, 
torn, iv,, i 2007, p. 199. 

t Homboldt, Sasai sur la Gdograpkit det PkuUet, p. 103. Oompare 
alio my Vay, aux Rigiont Equinox, torn, i., p. 143, 248. 
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Stan near the horizon fliekering with a singnlar osdllatiny 
motion. Laminoiu points ascended, nunred kU&rally, and 
fell back to their former position. This phenomenon lasted 
only from seven to eig:ht minutes, and ceased long before the 
Bun*s disk appeared above the horizon of the sea. The same 
motion was discernible through a tele^pe, and there was 
no doubt that it was the stars themselves which moved.* 
Did this change of position depend on the much-contested 
phenomenon of lateral radiation ? Does the ondulatimi of 
the rising sun's disk, however inconsiderable it may appear 
when measured, present any analogy to this phenomenon in 
the lateral alteration of the sun's margin? Independently 
of such a consideration, this motion iseems greater near the 
horizon. This phenomexion of the undtdation of the Uar$ 
was observed almost half a century later at the same spot 
by a well-informed and observing traveler. Prince Adalbert 
of Prussia, who saw it both with the naked eye and through 
a telescope. I found the observation recorded in the prince's 
manuscript journal, where he had noted it down, bttbre he 
learned, on his return from the Amazon, that I had wit- 
nessed a precisely similar phenomenon.! I was never able 
to detect any trace of lateral refr€iction on the declivities 
of the Andes, or during the frequent mirages in the torrid 
plains or llanos of South America, notwithstanding the het- 
erogeneous mixture of unequally-heated atmospheric strata. 
As the Peak of Teneriffe is so near us, and is so firequently 

* Hamboldt, in Fr. von Zach's THonatliehe Corretpondenz xwr Er^ 
und Uimmas'Kunde, bd. i., 1800, 8. 396 ; alia Voy. aux Rig, Emtm,, 
torn, i., p. 125: **OtL oroyait voir de petitet Au^ea lanc^es dana rair. 
Des points lanuneox 61ev6a de 7^8 deg^, paraiaaent d'aboxd ae moo- 
voir dans le sena tertical, mais puis se convertir en nne veritable oacit 
lation horizontale. Oea images lopiineox 6taient des images de pin- 
sienrs ^toiles agrandies (en. apparence) par des vapenrs et rerenant an 
m^me point d'oa eUes ^talent partis;'^ ** It seemed as if a number of 
small sockets weve being projected in the air 4 luminons points, at an 
elevatioix of 7^ or SP, appeared moving; first in a vertical, and then os- 
cillating in a horizontal direction. These were the images of many 
stars, apparently magnified by vapors, and retoming to the same point 
firom v^nich they had emanated." 

t Prince Adalbert of Pmssia, Aus rndnern Tagebuchet 1847, s. 213. 
Is the phenomenon I have described connected with the oscillations 
of 10"'12'^ observed by Carlini, in the passage of the polar star over 
the field of the great Milan mericlian telescopel (See Zach*! Corret* 
pondage Aa^nomique et Oiog^y vol. ii,, 1819, |^. 84.) Brandea (Geh- 
fer's Umgenrb. Ph^, W6rterd>., bd. iv.^s. 549^ refers the phenomenon, 
to mirage. The star-like heliotrope light has also frequently been seen, 
by the admirable and skillful observer, Cobnel Baeyer, to oscillate to 
and fro in a horizontal direi^laoii. 
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ascended before Bunrise by scientific travelers provided with, 
instruments, I would hope that this reiterated invitation on 
my part to the observation of the utidulaiion of the stars 
may not be wholly disregarded. 

I have already called attention to. the fact that the basis 
of a very important part of the astronomy of our planetary 
system was already laid before the memorable years 1608 
and 1610, and therefore before the great epoch of the in- 
vention of telescopic vision, and its application to astronom- 
ical purposes. The treasure transmitted by the learning of 
the Greeks and Arabs was augmented by the careful and 
persevering labors of George Furbach, Eegiomontanus (i, e., 
Johann Miiller), and Bernhard Walther of Niimberg. To 
their efforts succeeded a bold and glorious development of 
thought — the Copemican system ; 'this, again, was followed 
by the rich treasures derived from the exact observations of 
Tycho Brahe, and the combined acumen and persevering 
spirit of calculation of Kepler. Two great men, Kepler and 
Galileo, occupy the most important turning-point in the his- 
tory of measuring astronomy ;. both indicating the epoch that 
separates observation by the naked eye, though aided by 
greatly improved instruments of measurement, from tele- 
scopic vision. Galileo was at that period forty-four, and 
Kepler thirty-seven years of age ; Tycho Brahe, the most 
exact of the measuring astronomers of that great age, had 
been dead seven years. I have already mentioned, in a pre- 
ceding volume of this work fsee vol. ii., p. 328), that none of 
Kepler^s cotemporaries, Galileo not excepted, bestowed any 
adequate praise on the discovery of the three laws which 
have immortalized his name. Discovered by purely empir- 
ical methods, although more rich in results to the whole do- 
main of science than the isolated discovery, of unseen cos- 
mical bodies, these laws belong entirely to the period of nat- 
fircU vision, to Ihe epoch of Tycho Brahe and his observa- 
tions, although the printing of the work entitled Astronomia 
nova sen Physica cadestis de motibus Stellce Martis was 
not completed until 1609, and the third law, that the squares 
of the periodic times of revolution of two planets are as the 
cubes of their mean distances, was first fully developed in 
1619, in the Harmonice Mundi, 

The transition from natural to telescopic vision which 
characterizes the first ten years of the seventeenth century^ 
was more important to astronomy (the knowledge of the re- 
gions of space) than the year 1492 (that of the. discoveries 
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of Oolumbos) in respect to our knowledge of tenestrial space. 
It not only infinitoly extended our insight into creation, but 
also, besides enriclung the sphere of human ideas, raised 
mathematical science to a preyiously unattained splendor, 
by the exposition of new and complicated problems. Thus 
the incareased power of the organs of perception reacts on 
the world of thought, to the strengthening of intellectual 
force, and the ennoblement of humanity. To the telescope 
alone we owe the discovery, in less than two and a half 
centuries, of thirteen new planets, of four sateUite-systemB 
(the four moons of Jupiter, eight satellites of Saturn, four, 
or perhaps six of Uranus, and one of Neptune), of the sun's 
spots and faculas, the phases of Venus, the form and height 
of the lunar mountains, the wintery polar zones of Mars, the 
belts of Jupiter and Saturn, the rings of the latter, the inte- 
rior planetary comets of short periods of revolution, together 
with many other phenomena which likewise escape the na- 
ked eye. While our own solar system, which so long seemed 
limited to six planets and one moon, has been enriched in 
the space of 240 years with the discoveries to which we 
have alluded, our knowledge regarding succeiisive strata of 
the region of the fixed stars has unexpectedly been still more 
increased. Thousands of nebule, stellar swarms, and double 
stars, have been x>bserved. The changing position of the 
double stars which reyolve round one common center of 
gravity has proved, like the proper motion of all fixed stars, 
that forces of gravitation are operating in those distant re- 
gions of space, as in our own limited mutually-disturbing 
planetary spheres. Since Morin and Gascoigne (not indeed 
till twenty-five or thirty years after the invention of the tel- 
escope) combined optical arrangements with meastiring in- 
struments, we have been enabled to obtain more accurate 
observations of the change of position of the stars. By this 
means we are enabled to calculate, with the greatest pre- 
cision, every change in the position of the planetary bodies, 
the ellipses of aberration of the fixed stars and their paral- 
laxes, and to measure thp relative distances of the double 
stars even when amounting to only a few tenths of a sec- 
onds-arc. The astronomical knowledge of the solar system 
has gradually extended to that of a system of the universe. 
We know that GaUleo made his discoveries of Jupiter's 
satellites with &ix instrument that magnified only seven diam- 
eters, and that he never could have used one of a higher 
po^er than thirty-two, One hundred and seventy years later, 
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we find Sir William Henehel, in his investigations on the 
magnitade of the apparent diameters of Arcturus (0'''2 within 
the nehula) and of Yega Lyne, using a power of 6500. Since 
the middle of the seventeenth centuiy, constant attempts 
have been made to increase the focal length of the telescope. 
Christian Huygens, indeed, in 1655/discovered the first sat- 
ellite of Saturn, Titan (the sixth in distance from the center 
of the planet), with a twelve-feet telesc<^ ; he subsequent- 
ly, however, examined the heavens with instruments of a 
greater focal length, even of 122 feet ; but the three object- 
glasses in the possession of the Royal Society of Londcm, 
whose focal len^[ths are respectively 123, 170, and 210 feet, 
and which were constructed by Constantin Huygens, brother 
of the great astronomer, were only tested by Uie latter, as 
he expressly states,* upon terrestrial objects. Auzout, who 
in 1663 constructed colossal telescopes without tubes, and 
therefore without a solid connecticm between the object-glass 
and the e3re-j»ece, completed an objecit-glass, which, with a 
focal length of 320 feet, magnified 600 times.f . The most 
useful application of these object-glasses, mounted on poles, 
was that which led Dominic Cassini, between the years 1671 
and 1684, to the successive discoveries of the eighth, fifth, 
fourth, and third satellites of Saturn. He made use of ob< 
ject-glasses that had been ground by Borelli, Campani, and 
Hartsoeker. Those of the latter had a focal lengtii of 266 
feet. 

During the miMiy years t passed at the Paris Observatory, 
I frequently had in my hands the instruments made by Gam* 
pani, which were in such great rqmte during the reign of 
Louis XIY. ; and when we consider the funt light of Satum'fc 
satellites, and the difficulty of managing instruments, worked 
by strings only,t we can not siifficiently admire the skill and 
the untiring perseverance of the observer. 

* The remarkable artiAtical skill of Constantin Huygens, who was 
private secretary to King William tfa« Third, has only recently been 
presented in its proper li^ht by Uytenbrook in the " Oratio de fratribtis 
Cbristiano atque Odnstantino Hogenio, artis dioptriesBcaltoribas,'' 1838; 
and by Prof. Kaiser, the learned director of the Observatory at Leyden 
(in Schumacher's Attron, Nachr., No. 592, s. 246), 

t See Arago, ih the Armuaire vour 1844, p. 381. 

% ** Nods avons T>lac6 ces granos verres, tantSt sdr ah grand mAt, tan* 
t6t tor la tour de boia venne de Marly ; enfin nous ks avons mis dfuis 
un toYau maatk sur on support en forme d'6cbeUe k trois facto, oe qui 
a eu (dans la d^couverte des satellites de Satume) le sacc6s que nous 
en avions eso^r^," ** We sometimes mounted these great instruments 
on a high pole/' nya Dominiqae CumNi ** and aometimea on the wood* 
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TIm adyantages wUoh were at that period rappoied to 
ftie obtainabliB gailY.hy gigantic length, led great mindi, as is 
firequently the.caae, to extravagant expectationf< Auasout 
oonsidared itnecewary to relute Hooke^^who is said to have 
proposed the use oC telesoopee having, a length of upward of 
10»000 feet (or n^ar^tMro mijbs),* in order tp see animals 
in the .moon.. A sense of.the practical inconvenience of op* 
tical inslcttmeats having .Sufiical lengt);i.of more than a hund- 
red, feet, led» through .the i«inenee of Newton (ia fbllowinff 
out the eaiiiex attempts i>f Mersenncaad James Gregory of 
Aberdeen), to the adoption, esjiecially in Bngland, of shorter 
reflecting telescopes.^ The carefui oovqparison made by Brad« 
ley and Pond, of Hadley's five-feet reflecting telescopes, with 
the refractor constructed by Constantin Huygens (which 
had, as already observed, a focal length of 123 feet), fully 
demonstrated ike superiority of the former. Short's expens- 
ive reflectors were now generally employed until 1759, when 
John Dollond's sueoOisrfulr practical solution of the problem 
of achromatism, to which he had been incited by Leonhard 
Suler and Klingenstiema, again gave preponderance to re- 
fracting instruments. The right of priority, which aj^axs 
to have, incontestably belcmged to tiie mysterious Chester 
More, Esq., of M(Hre Hall, in Essex (1729), was first made 
known to the public When John Bollond obtained a patent 
ibr his achromatic telesoopes,t 

The triumi^i obtained by refracting instruments was not, 
hpwever, of long duration. In eighteen or twenty years after 
the construction of achromatic instruments by Jolm Dollond, 
by the combination of crown with flint glass, new fluctoa^ 

en tower that had been brought from Marly ; and we also placed them 
in a tabe moonted on a threaded ladder, a method which, in the dia- 
coveiv ef the tatelUteaof Satam, gaveua aU the nioceaawe had hoped*'* 
— -Delambre, Hi$t. de VAtir, Mo&me, torn, ii., p. 785. Optical initni* 
menta havios inch enormooa focal lengths remind ua of the Arabian in- 
Btmments pfmeatoreinent— quadrants with a radios of about 190 feet^ 
upon whose graduated limb the image of the sun was received as in the 
gnomon, throng a smaU roond apertnre. Such a ooadiant was erect- 
ed at Samarcaim, pn>i»biy constructed after the mooel of the older sex- 
tants of AU3hokaB<fi (which were about 60 feet in height). Compare 
SMillot, PToUg9ndnt$ dei TdUenS^OUmm^Btg, t847, p. M. and cxxiz. 

* See-Delambre, JVmI^ de VAwh-. M^d,, t. ii,, p. 694. The mystio 
Qapochin monk, Schyrle von Bheite, who, however, was well versed 
in optics, had already spoken in his work, Oeuiut Enoch H Elim ( Antv., 
1645), of the speedy practicability of constructing telescopes that shoidd 
magni^ 4000 times, by means of which the lunar mountains might be 
accurately laki down. . Oompare also Cowmoiy vol. ii., p. 3SS (note). 

t BdM. Sneydopedia, vol. zx., p« 479. 
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tions of opinion -were excited by the just admiration award- 
ed, both at home and abroad, to the immortal labors of a - 
German, William «Her8chel. The construction of numerous 
seven-feet and twenty-feet telescopes, to which powers of 
from 2200 to 6000 could be applied, was followed by that of 
his forty-feet reflector. By this instrument he discovered, in 
August and September, 1789, the two innermost satellites 
of Saturn — Enceladus, the second in order, and, soon after- 
ward, Mimas, the first, or the one nearest to the ring. The 
discovery of the planet Uranus in 1781 was made with 
Herschel's seven-feet telescope, while the faint satellites of 
this planet were first observed by him in 1787, with a twen- 
ty-feet ^^ front view'' ^reflector.* The perfection, unattained 
till then, which this great man gave to his reflecting tele- 
scopes, in which light was only once reflected, led, by the 
uninterrupted labor of mor6 than forty years, to the most 
important extension of all departments of physical astron- 
omy in the planetary spheres, no less than in the world of 
nebulas and double stars. 

The long predominance of reflectors was followed, in the 
earher part of the nineteenth century, by a successful emu- 
lation in the construction of achromatic refractors^ and hdi- 
ometerSy paralactically moved by clock-work. A homoge- 
neous, perfectly smooth flint glass, for the construction of 
object-glasses of extraordinary magnitude, was manufactured 
in the institutions of Utzschneider and Fraunhofer at Mu- 
nich, and subsequently in those of Mens and Mahler ; and in 
the establishments of Guinand and Bontems (conducted for 
MM. Lerebours and Cauchoix) in Switzerland and France. 
It will be suflicient in this historical sketch to mention, by 
way of example^ the large refractors made under Fraunho- 
fer's directions for the Observatories of Dorpat and Berlin, 
in which the clear aperture was 9*6 inches in diameter, with 
a focal length of 14*2 feet, and -those executed by Merz and 
Mahler for the Observatories of Fulkowa and Cambridge, in 
the United States of America ;t they are both adjusted with 

* Consult Struve, Etude» d^Astr. SieUaire, 1847, note 59, p. 24. I 
have retained the designations of forty, twenty, and seyen-feet Herschel 
reflecting telescopes, althoagh in othet parts of the work (the orisinal 
German) I have used French measurements. I have adopted these 
designations not merely on account of their greater convenience, but 
also becauiie they have acquired historical celebrity from the important 
labors both of the elder and younger Herschel in England, and of the 
latter at Feldhausen, at the Cape of Good Hope. 

t See Schumaoher't AHr. Nackrl, No. 371 and 611. Caochoiz and 
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object-glasses of 15 inches in diameter, and a focal length 
of 22*5 feet. The heliometer at the Konigsbeig Observa- 
tory, which continued for a long time to.be the largest in 
existence, has an aperture of 6*4 inches in diameter. This 
instrument has been rendered celebrated by the memorable 
labors of Bessel. The well-illuminated and short dyalitio 
refractors, which were first executed by Plosl in Vienna, 
and the advantages of which were almost simultaneously 
recognized by Eogers in England, are of sujScient merit to 
warrant their construction on a large scale. 

During this period, to the efibrts of which I have refer- 
red, because they exercised so essential an influence on the 
extension of cosmical views, the improvements made in in- 
struments of measurement (zenith sectors, meridian circles, 
and micrometers) were as marked in respect to mechanics as 
they were to optics and to the measurement of time. Among 
the many names distinguished in modem times in relation 
to instruments of measurement, we will here only mention 
those of Ramsden, Troughton, Fortin, Keichenbach, Gam- 
l^ey, Ertel, Steinheil, Repsold, Pistor, and Oertling ; in rela- 
tion to chronometers and astronomical pendulum clocks, we 
may instance Mudge, Arnold, Emerv, Eamshaw, Breguet, 
Jiirgensen, Kessels, Winnerl, and Tiede ; while the noble la- 
bors of William and John Herschel, South, Struve, Bessel, 
and Dawes, in relation to the distances and periodic motions 
of the double stars, specially manifest the simultaneous per- 
fection acquired in exact vision and measurement. Struve's 
classification of the double stars gives about 100 for the num- 
ber whose distance from one another is below 1", and 336 
for those between 1" and 2" ; the measurement in every case 
being several times repeated.* 

During the last few years, two men, unconnected with 
any industrial profession — the Earl of Rosse, at Parson's 
Town (about fifty miles west of Dublin), and Mr. Lassell, at 
Starfidd, near Liverpool, have, with the most unbounded 
liberality, inspired with a noble enthusiasm for the cause of 
^science, constructed under their own immediate superintend- 
ence two reflectors, which have raised the hopes of astron- 
omers to the highest degr^e.f liasselFs telescope, which has 

Lerebours have also constructed object-glasses of more than 13*3 inches 
in diameter, and nearly 25 feet ffx^al length. 

* Struve, Stellarum duplicium et muUiplicwm Mensnra Micrometrica, 
p. 2, 41. 

t Mr* Airy has recently given a comparative description of tihe math? 
ods of constructing these two telesjoopes, inpluding an account of the 
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an aperture only ivro feet in diameter, witk a focal length 
of twenty feet, has already heen the meana of discovering 
one satellite of Neptune, and an eighth of Saturn, hesides 
which two satellites of Uranus have been again distinguish- 
ed. The new colossal telescope of Lord Bxrase has an aper- 
ture of six feet, and is fifty-three feet in length. It is mount* 
ed in the meridian between two walls, distant twelve feet 
on either side from the tube, and from forty-eight to fifty-six 
feet in height. Many nebtde, which had been irresolvable 
by any previous instruments, have been resolved into stellar 
swarms by this noble telescope ; while the forms of other 
nebule have now, foi* the first time, been recognized in their 
true outlines. A marvelous efifulgence is pouted forth from 
the speculum. 

The idea of observing the stars by daylight with a tele- 
scope first occurred to Morip, who, with Gascoigne (abouf 
1638, before Picard and Auzout), combined instruments of 
measurement with the telescope. Morin himself says,* "It 
was not Tycho's great observations in refbrence to the posi- 
tion of the fixed stars, when, in 1582, twenty-eight years 
before the invention of the telescope, he was led to compare 
Venus by day with the sun, and by night with the stars," 
but " the simple idea that Arcturus and other fixed stars 
might, like Tenus, when once they had been fixed in the 
field of the telescope before sunrise, be followed through the 
heavens afler the sun had risen, that led him to a discovery 
which might prove of importance for the determination of 
longitude at sea." No one was able before him to distin- 
guish the fixed stars in the presence of the sun. Since the 

mixing of the metal, the contrivances adopted for casting and polishing 
the specula and moanting the instraments.-^il6ftr. o/ihe A$lr» Soe,t 
vol. ix., No. 5, March, 1849. The eflfect of Lord Bosse's six-feet metal- 
lic veflectDr is thus referred to (p. 120): ''The astronomer rml,.Mr. 
Airy, alluded to the impression made by the enormous light of the tel- 
escope; partly by the modifications produced in the appearances of 
nebulsB alreachr figured, partlyby the great number of stars seen even 
at a distance from the Aulky Wajr« and partly from the prodigious brill- 
iancy oiSatwm. - The account given hy another astronomer of the ap- 
pearance of JupUer was, that it resembled a coach-lamp in ^be tele- 
scope; and this well expresses the blaze of light which is seen in the 
instrument:'' Oomparo aUo Sir John Herschel, Outl. ofAMtr.t $ 870. 
** The sublimity of die spectacle afforded by the magnificent reflecting 
telescope constructed by Lord Bosse of some of the larger globular clua- 
ters of nebtde,^ is declared by all who have wftnesMd it to be such as 
no words can express. This telescope has resolved or rendered resolv- 
able multitudes of nebols which had resisted all inferior powers.'' 
* Delambre, tft'st. is PAMron. Moderne, t ii., p. 255. 
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employment, by Bomer, of great meridian teleieopes in 1691, 
observations of the stars by day have been frequent and frnit- 
fnl in results, having heen, in some cases, advantageously 
applied to the measurement of the double stars. Struve 
states* that he has determined the smallest distances of ex- 
tremely faint stars in the Dorpat refractor, vnth a power of 
only 320, in so bright a crepuscular light that he could read 
with ease at midnight. The polar star has a companion of 
the ninth magnitude, which is situated at only 18" distance : 
it was seen by dcuif in the Dorpat refracting telescope by 
Struve and 'VVrangel,t and was m like manner observed on 
one occasion by Encke and Argelander. 

Many conjectures have been hazarded regarding the cause 
of the great power of the telescope at a time when the dif- 
fused light of the atmosphere, by multiplied reflection, ex- 
erts an obstructing action4 This question, considered as an 

* Strave, Men*, Micram,, p. sdiv. 

t Schiiniacher's Jahrbuckfi^r 1839, ■. 100. 

X La lunUire atnuapMrique difiue ne peat t'expliqiier par le reflet 
des rayoBs solaires war la sarlaee de i^paratioii det eoiicliet de difi^ran- 
tes dentit^s dont on tappoae I'atmosph^re eompotfte. En eifet, mnpo- 
■onB le M^eil plac6 a Phoricoo, let lar&cea de sigparation daof la direc- 
tion da zenitD feraient horisontales, per cond^qqent la reflexion aerait 
horizotttale aairi, et noas ne TenionB aocone lami^re an zenith. Dana 
la sappoaition det ecmohef , aocan rayon ne nona arriTerait par voie 
d'ane premiere reflexion. Ce ne ■eraient one let r^flexiona noltiplea 

2ai p<mrraient a«r. Done poar expliqaer la htmiire di^e, il laat ae 
gorer I'atmoaplftre compoa^e de mol^calea (aph^riqaes, par ezemple) 
dont chacane donne one image da aoleil k pen pr^a comme lea bonlea 
de verrea qoe nona pla^ona aana noa jardina. L'air par est blea, par- 
ceqae d'apr^a Newton, lea mol^cnlea de I'air ont Vipau9tur qoi oonTi- 
ent k la reflexion dea reyona bleaa. H eat done natorel qoe lea petitea 
imagea da aoleil qae de toaa cfttfta r^fl^chiaaent lea mol^cnlea aplri^ 
riqaea de Tair et qoi aont la lami^re difioae aient one teinte bleae : 
maia oeblea n'eat pea da blea par, c'eat an blane dana leqael le bleu 
pr^omine. Loraqae le ciel n'eat paa dana toate ea paret^ et qae Pair 
eat m^l^ de yapeara Yiaiblea, la lami^re diffaae recoit beaacoap de 
blano. Comme la lone eat jaime, le blea de Pair pendant la nait eat an 
pea TeidAtre, c'eat-&-dire, m^Iang^ de blea et de jaane." 

** We can not explain the difftuion of atmospkene light by the reflec- 
tion of aoliur reya on the aOr&ce of aeparation of the atrata of different 
denaity, of which we aappoae the atmoaphere to be compoaed. In &ct, 
if we aappoae the aan to be aitoated on the horixon, the aarfacea of aep- 
aration in the direction of the zenith will be horizontal, and conaeqaent- 
ly the reflectioa woold likewiae be horizontal, and we ahonld not be 
able to aee any light at the zenith. On the aappoaition that rach atrata 
exiat, no ray womd reach aa by meana of direct reflection. Repeated 
reflectiona woald be neceaaaiy to prodace any effect In order, there- 
fore, to explain the phenomenon of diffuted Hrhi, we maat aappoae the 
atmoaphere to be oompoaed of molecalea (of a apherical form, for in- 
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optical problem, excited the Btxongest interest in the mind of 
Bessel, whose too early death was so unfortimate for the 
cause of science. In his long correspondence with myself, he 
frequently reverted to this subject, admitting that he could 
not arrive at any satisfactory solution, I feel confident it 
will not be unwelcome to my readers if I subjoin, in the 
form of a note, some of the opinions of Arago,* as expressed 

ftance), each of which presents an image of the son somewhat in the 
same manner as an ordmarf glass ball. Pure air is blue, because, ac- 
cording to Newton, the molecules of the air have the thickness neces- 
sary to reflect blue rays. It is therefore natural that the small images of 
the son, reflected by the spherical molecules of the atmosphere, should 
present a bluish tinge ; this color is not, however, |Nire blue, but white, 
m which the blue predominates/ When the sky is not perfectlypiire 
and the atmosphere is blended with perceptible vapors, the diffused 
light is mixed with a large proportion of white. As the moon is yellow, 
the blue of the air assumes somewhat of a greenish tinge by night, or, 
in olher words, becomes blended with yellow." — MS8. of 1847. 

* D*un des Effets da Lunettes aur la VUibilit^ dee Stoik$. {Lettre de 
M. Arago i AT. de Humboldt en DSc, 1847.) 

. ** L'oeil n'est don^ que d'une sensibility circonscrite, bom6e. Quand 
la lumi^re qui frappe la ratine, n*a ^ba assez d*intensit6, Toeil ne sent 
rien. C'est par un manque d'intennt^ que beaucoup d^Stoiles, m^me 
dans les nuits lesplos proUmdes 6chappent k nos observations. Les lu- 
. nettes ont pour effete quant aux itoiles, d'augmenter Tintensit^ de I'image. 
Le faisceau cjlindrique de rayons paialleles venant d'une ^toile, qui 
s'appuie sur la surface de la leutille objective, et qui a cett^ sur&ce «ir- 
culaire pour base, se trouve oonsid^rablement resserr6 k la sortie de U 
lentille oculaire. Le diamdrtre du premier cylindre est au diam^tre 
du second, comme la distance focale de Tobjectif est & la distance fo- 
cale de I'oculaire, ou bien comme le diam^tre de Pobjectif est au dia- 
m^tre de la portion d* oculaire qu'occupe le fiusceau Emergent. Les in- 
tensites de lumi^re dims les deux cylindres en question (dans les deux 
cylindres, incident et Emergent) doivent ^tre entr'eUes comme les ^ten- 
. dues superficielles des bases. Ainsi la lumi^re 6mergente sera plus con^ 
dens^e, plus intense que la lumi^re naturelle tombant sur I'objectif, dans 
le rapport de la sur&ce de cet objectif k la sur&co circulaire de la base 
du fiiisceau Emergent. Le faisceau Smergentf piand la lunette grossitf 
etant plus 6troit que le faisceau cylindrique qui tombe sur Pol]jectif, il 
est Evident que la pupille, (|uelle que soit son ouverture, recueiUera plus 
de rayons par rinterm^diaire de.Ia lunette que sans elle. La lunette 
augmentera done toujours I'intensit^ de la lumidre des StoUes. 

" Le cas le plus favorable t quant k lleffet des lunettes, est ^vidomment 
celui ou roeii revolt la totality du fitisceau ^mer^ent, le cas od ce fais- 
ceau a moins de diam^tre que la pupille. Alors toute la lumiire que 
robjectif embrasse, concourt, par Tentremise du telescope, k la forma- 
tion de I'image. A ToBil nu, au contraire, une portion seule de cette 
m^me lumi^re est mise k profit ; c*est la petite portion que la surface 
de la pupille decoupe dans le feisceau iaciaent naturel. L'iatensit^ de 
I'image t61escopique d*une ^toile est done k Tintensit^ de I'image k 
VcbtI nu, comme la surface de P objectif est a celle de la pupille. 

** Ce qui 'ptMde est reUtif k la visibility d'un sei^l pomt, d*une sctilp . 
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m one of the numeiouB maauiGripta to which I was pennit* 
ted free access dining my frequent sojourn in Paris. Ac- 

^toile. Venons k Fobflervation d'un objdt ayant des dimennonf an* 
^olaires sensibles, k I'obsenration d'une planite. Dant les cas les plus 



de lumiire concoorant a former Ventemble de I'image k VobH na, eera 
done auasi k la quaiUk4 totale de kmiire qui forme Timage de la pla- 
ndte k Taide d'one lunette, comme la anrfiuse de la papille eat JL la sar- 
face de I'obiectif. Lee inteitfiUs. comparatiyes, non plus de pointo 
iaoles, mais des deux images d'une plan^te, qoi se forment snr la ratine 
k I'oeil no, et par I'intermMiaire d'ane lunette, doivent ^yidemment 
diminuer proportkmneUement aUx itendve$ superJieieUeg de ces deux im- 
ages. Les dimensions i«»^aire»des deux images tout eutr'eUes comme 



de rod^'«<*^»/'par le carr6 dn diamitre dufeiiweeau imergeiU, oq bien la «tir- 
face de VobjecUfpar la turfaee de la hose cireulaire dufaisceau imergeiU* 
. " Nous avons d^ji obtenule rapport des quantiUs totalee de lumiire 
qui engendrent les deux images^d'ttne planite, en divisant la sur&oe de 
Tobjeotif par la surface de lapujnlle, Ce nombre est plve petit que I0 • 
quotient auquel on arrive en divisant la eurfaee de VobjecHfpar la ncr- 
faee du faisceau imergent, JX ea r^ulte, quant aqx plai^tes, qu'une 
lunette fait moins gagner en intensity de lumiire, qu'elle ne Mt perdre 
en agrandissatit la surface des images sur la ratine ; Tintensit^ de cea 
images doit done aUer eontinuellement en s'affiiiblissant k mesure que 
le ponvoir amplificatif de la lunette ou du telescope s'accroit. 

*^ Ii'atmoBj^here pent ^tre .consider6e eomme une plan^te k dimen- 
sions ind^finies. La portion qu'oo en verra dans une lunette, subira 
done aussi la loi d^afiaiblissement que neus venous d'indiquer. Le rap- 
port entre I'intensit^ de la lumiire d'une planite et le champ de lumiire 
atmospb^rique 4 tiavevs lequel on la verra, sera le m^e k Tceil nu et 
dans les lunettes de tons les grossiBsements, de toutes les dimensions. 
Les lunettes, «o«« le rapport de VitUentitij ne favorisent done pas la visi- 
bilite des pl(tnites, 

"11 yen est point ainsi des itoUes. LHntensit^ de I'image d*une ^toile 
est plus forte avec une lunette (^k VasSi nu ; au contraire, le champ de . 
la vision, uniform^ment ^lair6 dans les deux cas par la lumiire atmos- 
ph^rique, est plus elair iPpeil nu que dans la lunette. II y a done deux 
Faison8,.sans sortir des considiSratiQns d'intensit^, pour que dans une lu- 
z^tte de Fimage d^ T^tpile pr^domine sur celle de Patmosphdre, notap 
blement plus qu'& I'oeil nu. 

*f Cette predominance doit aller ^raduellement en augmen^ant avec 
le grossissement En effet, abstraction faite de ceriaine augmentation 
du. diamitre dej'^toile, consequence de divers effbts de diffraction ou. 
d^ifOerfirences, abstraction fiiite anasi d'une plus forte reflexion que la- 
lumiire subit sur les surfaces plua obliques oes oculaires de trds courts 
foyers, V intensity de la lumiire de VitoUe est constante tant que Pouver- 
ture deTobjectif ne varie pas. . Comme on I'a vu, la clarU du champ^ 
de la lunette, au contraire, diminue sans cesse ^mesure que le poovoir 
amplificatif s'accroit. Done toutes autres circenstances restant (ggaleS) 
une 6toile sera d'autant plus visible, sa pr6domiuencd sur la lumidre do, 
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coiding to the ingenious explanatibn of my &iend, high mag* 
nifying powers facilitate the discovery and recognition of the 

champ dn telescope sera d'aatant plus tranoh6e qn'on fern uaage d'na 
groflsiasemont plus fort." 

*' The eye is endowed with only a limited sennbility ; lor when the 
light which ftrikes the r^na i» liot saffioiently strong, the eje is not 
sensible of any impression. In consequence of deficient intenst^, many 
stars escape our observation, even in the darkest nights. Telescopic 
glasses have the effect of aufpienting the intensity of the images of the 
stars. The cylindrical pencil of pvallel nys emanating from a star, 
and striking the surface of the object-glass, on whose circalor surfece it 
rests as on abase, is considerably contracted on emerging from the eye- 
piece. The diameter o( the ^t cylinder is to that ofthe second as 
the focal distance of the oljeet-glass is to the focal distance of the eye- 
piece, or as the diameter of the object-glass is to the diameter of the 
part of the eye-piece covered by the emernng rays. The intensities 
of the light, in theie two cylinders (the incident and emerging cylin- 
ders) most be to one another as the superficies ci their bases. Thus, 
the emerging light will be more condensed, more tWeiUe, than the nat- 
ural light falling on the object-glass, in the ratio of the surface of this 
objec^glass to the circular surface dT the base of this emerging pencil. 
As the emerging pencil is narirower in a magnifying instrument than the 
^cylindrical pencu falling on the object>|lass, it is evident that the pupil, 
whatever may be ito aperture, wiiil receive more rays, by the interven- 
tion of the telescope, uian it could without The intensity of the li^ht 
of the stars will, therefore, always be augmented when seen throngn a 
telescope. 

** The most fiivorable condition lor the use of a telescope is undoubt- 
edly that in which the eye receives the whole of the emerging rays, 
and, consequently, when the diameter of the pencil is less than that of 
the pupil. The wtMle of the light received by the Object-glass then co- 
operates, through the agency o^ the telescope, in Ae formation of the 
image. In natural vinon, en the contrary, a portion only of this light 
is rendered available, namely, the small portion which enters the pupil 
i^tnrally fix>m the incident pencil. The intensity of the telescopic im- 
age of a star is, therefore, to the intensity of the ittiage M$en virith the 
naked eye, as the Murfaee of the objeet-gUut i» to that ofthepvpil. 

** The preceding observati<nis relate to the visibility of one point or 
one |itar. We wiU now pasi on to the eonsideration of an object having 
sensible angular dimensions, as, for instance, a planet. Under the most 
fiivorable conditions of vision, that is to say, when the pnpil 'receivoa 
the whole of the emerging pencil, the intensity ci each poitU of the plan- 
et's image may be cal<mlated by ^e propertioas we have already given. 
The total quantity of light contributing to form the whole of the imase, 
as seen by the naked eye, will, therefbre, be to the total quantity dT the 
light forming the image of the planet by the aid of a teteseope, as the 
surfiMse of the pupil is to the> surfoce of the object-glass. The compar- 
ative intensities, not of mere isolated points, but <^ the images of a plan- 
et formed respectively on the retina of the naked eye, and by the in- 
tervention of a telescope, must evidently diminish ptopbrtio^aiiy to the 
superficial extent of these two images. The linear ^mensions of the 
two images are to one another as the diameter of the object-glass is to 
that of the emerging pencfl. We therefore obtain the number of times 
that the euffuce of Uie magnified image exceeds the evffaee of the ini> 
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fixed Stan, since ihey conyey a greater quantity of interne 
lig^t to the eye without perceptihly enlarging the image ;. 

age when seen by the naked eye by dividing the tqwtre of the diameter 
of the object'glatt by the equare of the diamiiUir oftke emerffimg peneil, or 
rather the wurfaee of the ot§ect'gia$9 by the iUffaee ofihe evmdar bae$ 
of the emerfging pencil. 

** By dividing the stlr&ce of the objeci-glaM by the Borface of the pu- 
pil, we have already obtained the ratio m the total qnantitiea of light 
prodnced by the two images of a planet. Thia nambev is lower than 
the quotient which we pbtaiQ by dividhig the sqiftce of the object- 
glass by the surface of the emergmg pencil. It ipllows, therefore, with 
respect to planets, that a telescope causes us to gain less in intensity of 
light than is lost l^ magnifying Ine sur^e of the images on the retina ; 
the intensity of these images must theneifniB become oontiaually fainter, 
in proportion as the magnifying power of the tdmqofe increases. 

** The atmosphere may be considered as a planet or indefinite dimen- 
sions. The portion of it that we see in a telescope will therefore also 
be subject to the same law Of diminution that we nave indicated. The 
rekytioa between the intensity of the Isghl ef a planet and the field of at- 
mospheric light through which k is seen, will be the same to the naked 
eye and in tdescopes, whatever may be their dimensions and magnify- 
ing powers. Telescopes, therefore, do not fiiTor the visibility of planets 
in respect to the intensity of their light 

** Tne same is not the caie with reepeot to the etars. The inteasitr 
of the image of a star is greater when s^en with th« telefco»9 than i|vitn 
the naked eye ; the field of vision, on th,^, contraiy, uniformly illumined 
in both cases by the atmospheric light, is clearer in natural than in tel- 
escopic '^ion. There are two reasontf, then, which, in connection with 
the consideration of the intensity of lights expkda why the image of a 
star preponderates in ateleaoppe vatfaer than in^ itmd eye over that 
of the atmosphere. 

"^This predominance must gradually increase with the increased 
mJagnifyingpower. In &ct, deductin|e the constant augmentation of 
the star's diameter, conseqneat upon tie^fiei«&t effects of diffraction 
or interference, and deductii^ also the stronger re(9ection experienced 
by the light on the more oblique surges of ocular glasses of short focal 
lengths, the intens^y of the light of the star U aShetani as Ions as the 
aperture of the obiect^lass ^does' not vicryl As we have already seen, 
me brightness of tne 'field of view, <m the contrary, dkninishes inces- 
santly in the seme ratio in whidi Ihe magnifying povrer increases. All 
other drcumstuices, therefore, being equal, a star wiU be more or less 
visible, and its prominence on the field of the telescope wiH be more 
or less marked, in pn>portibtt to the majgnifying powers w« employ." 
'^A3mxo,Manueeripio/tS4ffv 

I wul further add the foUowing passage fix)m the Afmuaire d» Bvf 
reau dee Long, pomr lSi6{NoHeee Beient, par M. Arago\y p. 381 : 

" L'exp^rience a montr^ que pomr le oommiin des homines, deux 
espaees Claires et contigns ne se dfistnigaeBt pas Fun de Tautre, k mains 
que leurs intmisit^ comparatives ne pr^Msitenl^ au mkiimum, une dif 
f<§rence de JU-. Quand une lunette est4ouiit6e vers le firmament, son 
champ sembie uniformement 6clair4: 6'est qu* alors il existe, dans un 
plan passant parle foyer et perpendicolaire^ Taxe de Tobjectif, une 
image iadifnie de la r^sion atmosph^rique vers laquelle la lunette est 
ding6e. Supposons qu^m astre, c'est-a-dire un objet situ6 bien au- 
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while, in accordance with another law, they influence the 
aerial space on which the fixed star is projected. The tele* 
scope, by separating, as it were, the illuminated particles of - 
air surrounding the object-glass, darkens the field of view, 
and diminishes the intensity of its illumination. We are en-^ 
abled to see, however, only by means of the diflerence be- 
tween the light of the -fixed star and of the aerial field or the 
mass of air which surrounds the star in the telescope. Plan- 
etary disks present very different relations from the simple 
ray of the image of a fixed star ; since, like the aerial field 
{Vairderienne), they lose in intensity of light by dilatation 
in the magnifying telescope. It niust be further observed, 
that the apparent motion of the fixed star, as well as of the 
planetary disk, is increased by high magnifying powers. 
This circumstance may facilitate the recognition of objects 
by day, in instruments whose movements are not regulated 
paralactically by clock-work, so as to follow the diurnal mo- ^ 
tion of the, heavens. Difierent points of the retina aTre suc- 
cessively excited. " Very faint shadows are not observed," 
Arago elsewhere remarks, " imtil we can give them motion." 
In the cloudless sky of the tropics, during the driest sea- 
son of the year, I have frequently been able to find the pale 
disk of Jupiter with, one of Dollond*s telescopes, of a magni-. 
fying power of only 95, when the sun was already from 15*? 
to 18° above the horizon. The diminished intensity of the 
light of Jupiter and Saturn, when seen by day in the great 
Berlin refractor, especially when contrasted with the equally 
reflected light of the inferior planets, Venus and Mercury, 
frequently excited the astonishinent of Br. Galle. Jupiter's 

deU de Patmosph^re, se trouve dans la direction de la lunette: son 
image ne sera visible qu'aiitant -qu'elle jingmentera de i^F, au moins, 
Tintensit^ de la portion de I'image focale ind^Jime de Vatmosph^re, sur 
laqnelle sa propre image limitie ira se placer. Sans cela le champ 
visuel continuera a |Mra(^re partout de la m^me intensit^.^' 

" Experience has shown tOAt, in ordinaxy vision, two iUuminated and 
contiguous spaces can not be distingtiishea firom each other unless their 
comparative intensities present a minimum difference of ^th. When- 
a telescope is directed toward llie heavens, its field of view appears 
uniformly illumined: there then exists in a ^lane passing through the 
focus, and perpendicular to the axis of the object-glass, an indefinite iin- 
age of the atmospheric region toward which the instrument is pointed. 
If we suppose a star, that is to say, an object very far beyond the atmos- 
phere, situated in the direction of the telescope, its image will not be 
visible except it exceed, by at least inr^» ^^ intensity of that portion 
of the indefinite focal image of the atmosphere on which its limited 
proper image is thrown. Otherwise the visual field wiU c<mtinue to 
appear every where of the same intensity." j 
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oeeultatioiii hnve occasionally been obaenred by daylight, 
with the aid of poweiful tcleflcopcn, as in 1792, by Flan* 
geiguas, and in 1820, by Struve. Aigelander (on the 7th 
of December, 1849, at Bonn) distinctly saw three of the sat- 
ellites of Jupiter, a quarter of an hour after sunrise, with 
one of Fraunhofer's five^feet telescopes. He was unable to 
distinguish the fourth ; but, subsequently, this and the other 
satellites were observed emerging from the dark margin of 
the moon, by the assistant astronomer Sclimidt, wiUx the 
eight'feet heliometer. The determination of the limits of 
the telescopic visibility of small stars by daylight, in differ- 
ent climates, and at di£erent elevations above the sea's level, 
is alike interesting in an optical and a meteorological point 
<^ view. 

A^noBg the remarkable phenomena whose causes have been 
much contested, in natural as weQ aa in telescopic vision, we 
must reckoa the nocturnal scintillation of the stars. Accord- 
ing to A¥ago's investigations, two points must be specially dis- 
tinguished in reference to this phenomenon* — ^firstly, change 

* The earliest ezpfauoatioDS nven by Ango of tcintillation oocnr in 
tbe appendix to the 4th book of my Voyage mix Rifnon$ E^inoxialei, 
torn. i.» p. 623. I rejoice that I am able to. enrich this lectioii on nat*. 
ural and teleicopic vuion with the following explanations, which, for 
the reasons already assigned, I snbjoin in the ori^nal text. 

De9 caumt de la §einiillation 4ss ^toUet- 

** Ge q%'il y a de plus remaiqoable dans le ph^nom^ne de la scmtil* 
Ution, c'est le cbansement de coolenh Ge changement est beancoap 
pins frequent que robsenraUon ordinaire Tindiqae. En effet, en agi- 
tant la lunette, on transfiMme Timage dans H)ie Hgne on on cercle, et 
tons les points de cette ligoe on de ce cercle |Mraissent de coulenrs dif- 
ii&rentes. CVst la rteltanto de la superposition de toutes ces images 
que Fon Toit, lorsqu^n laisae la lunette immobile. Les rayons qui sa 
r^unissent au foyer d'nne lentiUe, vibrant d'aooord ou en d^sac^ord, 
fi'ajoutent ou se d^tnnsent, suivant que les couches quails ont traver- 
ses, out telle ou telle t^firinffenee. L^easemole des rayons rouges peat 
se d^truiie aeul^ si ceux de aroite et de gauche, et ceox de haut et de 
bas, ont traverse des milieax in^ealeiDent r^fringents. Nous avons dit 
«eu/, parceque la diffSrenoe de r&ingence qui correspond k la destruct 
tion do rayon rouge, li^est pas. la m^me que cella qui am^ne la destruc- 
tion du rayon vert, et rfedproquement. Maintenant, si des rayOns rou ge« 
sent d^tmits, oe qui reste sera le blanc moins le rouge, c'est-i-dire 4(4 
vert. Si le vert au contraire est d^truit par mterfirence, Vimage sera 
du blanc moins le vert, c'est-^-dirs du rouge. Pour expUquer pourqooi 
les plan^tes 4 grand diam^tre ne scintillent pas ou.tres pen, il faut sa 
rappeler que le disqlie pent ^tre oonsid^r^ eomme une aggregation 
d'^toiles ou de petits pointo qui scintillent isoUment; mais les imagea 
de diff^reutes couleurs que chacun de oes points pris isoUment don- 
iierait, empi^tant les unes sur les autres, ibroieraient du blanc. ^ Lor»< 
qa'oD place un diaphragme ou un bouchon percd d'un trou sur Tobjec* 

Vol. hi.— D 
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in the intenmty of the Hght, hom a sudden decrease to perfect 
extinction and rekindling ; secondly, change df color. Both 

tif d^one lunette, les ^toiles acqui^rQBt an disqae entonr^ d'une e^rie 
d'anneaox lumineux. Si Ton enfonce I'ocolairey le disqae de T^toile 
aagmente de diam^tre, et il se prodait dans son centre on trou obscar ; 
si on Tenfonce davantage, an point lamineaz se aubalitae aa point noir. 
Un noavel enfoncemeut donne naiwance k an centre noir, etc. Pre- 
nons la lanette lorsqae le centre de Pimage est noir, et visons k ane 
^toile qai ne scintille pas : le centre restera noir, conraie il I*4tait an- 
paravant. Si an oontraire on dirige la lanette ki ane ^iie qm scintiUer 
on verra le centre de Pimage lumineox et obscar par intermittence. 
Dans la position ok le centre de Timage est occap^ par an point Inmi- 
neax, on verra ce point disparaltre et renaltre successivement. Cette 
disparition oa I'^pparition da point central est la preare directe de 
Vinterfirenee variable des rayons. PoUr bien concevoir Pabsence de 
lamiere an centre de ces images dilates, il fiint se rappeiw qae les 
rayons r^gulidrement r^fract^s par Tobjectif ne se r^anissent et ne pen- 
vent par cons^aent interfirer qu'aa fo^er: par oons^nent les images 
dilat^es qae ces rayons peuvent' prodoire, resteraient toajoars pleines 
(sans tron). Si dans ane certaine position de Pocnlaire an tron se pr^ 
sente aa centre de. Pimage, c'est que les rayons r^gali^rement r6frac- 
tte inlerfirerU avec des rayons d^raetit sar les bords da diapbragme 
circulaiie. Le ph^om^ne n*est pas constant, parceqae les rayons qai' 
inteif(^rent dans an certain knoment, n*interfiferent pas an instant apres, 
lorsqn'ils ont traverse des concbes atmosph^riqaes dont le poavoir f^ 
iringent a vari^. On trouve dans cette experience la preave manifeste 
da r61e oae jooe dans le'pb^nom^ne de la scintillation Pin^gale r^fran- 

g'bilite aes conches atmosph^riqaes travers^es par les rayons dont le 
isceaa est tr^s ^troit. II r^salte de ces considerations qae Pezplica- 
tion des scintillations ne peat dtre rattach^e qu^anz pfaenom^nes des 
iiUerftrenee$ lumineu$e», Les rayons des etoiles, apr^s avoir traverse 
one atmosphere oi^ il existe des conches inegalement chaades, inegale- 
ment denses, in^galement hnmides, vont se r^anir an foyer d*ane len- 
tille, poar y former des images d*intensite et de conlears^ perpetueUe- 
ment changeantes, c'ost- ji-dire des images telles que la scintillation les 
prteente. II y a aussi scintillation hors da foyer des lanettes. Les ex- 
plications propos^es par Galileo, Scaliger, Kepler, Descartef, Hooke^ 
Haygens, Newton et John Michell, qae j'ai examine dabs un memoire 
presente k PInstitat en 1840 (Camptet Rendutf t. x., p. 83), sont inad- 
missibles. Thomas Yonne, anqael noos devons les premieres lois des 
interferences, a era inexpScable le phenomene de la scintiUation. La 
feassete de Pancienne explication jmr des vapeurs qai voltigent et de- 
placent, est dejA proavee par la circonstance qne noes voyons la scin- 
tillation des yeax, ce oui scippoaerait an deplaceraent d'ane minnte. 
Les ondolations da bora da soieil sont de i" k 5'\ et peat-etre des pie* 
ces qai manquent, done encore effet de Pinterference des rayons." 

On the eau$e$ of the teintiUoHon of the etare, 

** The most remarkable feature in the phenomenon of the stars' 8ci» 
tiUation is their change of color. This change is oi ranch more frequent 
occurrence than would appear from ordinary observation. Indeed, on 
shaking tiie telescope, the image is transformed into a line or circle, and 
all the points of this line or circle appear of different colors. We have 
here the results of the superposition of all the images seen when the 
teleseope is at rest. The rays united in the focus of a lens vibrate in 
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these altemtionB axe more inteiifle in reality than they appeax 
to the naked eye ; for vhen the several points of the retina 

harmony Or at Tariance with one another, and increase or destroy one 
another aceording to the varioos degrees of refraction of the strata 
through which they have passed. The whole of the red rays alone can 
destroy one another, if the rays to the right and left, above and below 
them, nave passed throngh unequally refracting media. We have used 
. the term ahnSf because^tne di&rence of refraction necessary to destroy 
the red ray is not the same as that which is able to destroy the green 
ray, and we versa. Now, if the red rays be destroyed, that which re- 
mains will be white minus red, that is to say, sreen. If the green, on 
the other hand, be destroyed by interfereneef ue image will be white 
minus green, that is to say, red. To understand why planets having large 
diameters should be subject to little or no scintillation, it most be remem- 
bered that the disk may be regarded as an aggregation of stan or of 
smaUpoints, scintillating independently of each other, while the images 
of difierent colors presented bv each of these points taken alone would 
impinge upon one another and form white, if we place a diaphragm 
or a cork pierced with a hole on the object-glass of a telescope, ue 
stars present a disk surrounded by a series of luminoua rings. On push- 
ing in the eye-piece, the disk of the star increases in diameter, and a 
dark point appears in its center; when the eye-piece is made to recede 
still further into the instntment, a luminous point will take the place of 
the dark point* On causing the eye-piece to recede still further, a 
black center will be observed. If, wmle the canter of the image is 
black, we point the instrument to a star which does not scintillate, it 
will remain black as before. If, on the other hand, we point it tu a scin- 
tillating star, we shall see the center of the image alternately luminous 
and dark. In the position in which the center of the image is occu- 
pied by a luminous point, we shall see this point alternately vanish and 
reappear. Thia disappearance ^and reappearance of the central point 
is a direct proof of the variable interference of the ravs. In order to 
ciomprehend the absence of light from the center of these dilated im- 
Sffes^ we must remember that rays regularly refracted by the object- 
g^iss do not reunite, and can not, consequently, interfere except in the 
locua ; thus the images produced by these rays will always be uniform 
and without a central point. If, in a certain position of the eye-piece, 
a point is observed in the center of the image, it is owing to the inter- 
ference of the regularly refracted rays wito the rays d^rtzcted, on the 
margins of the circular diaphragm. The phenomenon is not constant, 
for the rays which interfere at one moment no longer do so in the next, 
after they have passed through atmospheric strata possessing a vaiying 
power of refraction. We here meet with a .manifest proof of the im- 
portant part placed in the phenoihenon of scintillation by the unequal 
zefrangibility of*^ the atmospheric strata traversed by rays united in. a 
very narrbw pencil." 

*' It foUows from these considerations that scintillation must necessa- 
rily be referred to the phenomena of luminoue interferences alone. The 
rays emanating from the stars, after traversing an atmosphere composed 
of strata having different decrees of heat, density, and humidity, com- 
bine in the focus of ^ lens, where they form images perpetually chang- 
ing in intensity and color, ^at is to say, the ima^ea presented by scinr 
tillktion. There ia another form of scintillation, independent of the fo- 
cus of the telescope. The exp^ymations of thif phenomenon advanced 
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are once excited^ they retain the impreflsion of light which 
they have received, 6o that the disappearai^oe, obscuration, 
and change of color m a star are not per6eived by us to their 
full extent. The phenomenon of scintillation is more striking- 
ly manifested in the telescope when the instrument is shaken, 
for then dij5ere|it points of the retina are successively excited, 
and colored and frequently interrupted rings are seen. 'Hhe 
principle of interference explains how the momentary colored 
effulgence of a star may be followed by its equally instanta- 
neous disappearance or sudden obscuration, in an atmosphere 
composed of ever-changing strata of different temperature^, 
moisture, and d«]£ity. The undulatory theoiy teaches us 
generally that two rays of light (two ^sterns of waVes) em- 
anating from one source (one center of commotion), destroy 
each other by inequality of path ; that the light of one ray 
added to the light of the other produces darkness. When the 
retardation of one system of waves in reference to Ihe other 
amounts to an odd number of semi-undulations, both systems 
endeavor to impart simultaneously to the same molecule o( 
ether equal but opposite velocities, so that the effect pf their 
combination is to produce rest in the molecule, and therefore 
darkness. In some cases, the refrangibility of the different 
strata of air intersecting the rays of light exerts a greater in- 
fluence on the phenomenon than the difference in length of 
their path.* ^ 

The intensity of scintillations varies considerably in the dif- 
ferent fixed stars, and doeis not seem to, depend solely on their 
pltitude and apparent magnitude, biEt also on the nature of 
their own light. Some, as for instance Vega, flicker less than 
Arcturus and Frocyon. The absence of scintillation in plan- 
ets with larger disks is to be ascribed to compensation and to 
the naturalizing mixture of colors proceeding from different 
points of the disk. The disk is to be regarded as an aggregate 

by Gralileo, Scaligier, Kepler, Descartes, Hooke, Haygens, Newton, aiid 
John Michell, which I examined in a memoir presented to the Institate 
in 1840 {Compter Rendmt, ^U z., p. 83), are inadmissible.^ Tboma* 
Youne, to whom we^we the discovery oif the first laws of interference, 
regarded scintillation as an inexplicable phenomenon. The erroneous^ 
ness of the ancient explanation, which sapposes that vapors ascend and 
displace, one another, is sufficiently proved by the circnmstance tliat we 
seo flcintiUatioin with the naked' eye, which presnpposes a displace- 
ment of a minate. The undulations of the margin or the san are from 
4'' to 5", and are perhaps owing to chasms or intermptions, and there- 
fore also to the effect of interference of the rays of hght.'' {Estractt 
from Arago's MS8. ef 1«47.) 
* See Arago, ia the Annturire pour 1831, p. 168^ 
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of stars ivMoli natutaily compeD«ate for the light destroyed 
by interference, and again combine the colored rays into white 
hght. For this reason, we most rarely meet with traces of 
scintillation in Jupiter and Saturn, but more frequently in 
Mercury and Venus, for the apparent diameters of the disks 
of these last-named planets diminish to 4"-4 and 9"-5. The 
diameter of Mars may also decreajse to 3'''3 at its conjunc- 
tion. In the serene cold winter nights of the temperate zone, 
the scintillation increases the magnificent impression produced 
by the starry heavens, and the more so from the circumstance 
that, seeing stars of the sixth and sevmth magnitude flicker- 
ing in various directions, we are led to imagine that we per- 
ceive more luminous points than the unaided eye is actually 
capable of distinguishing. Hence the popular surprise at the 
few thousand stars which accurate catalogues indicate as vis- 
ible to the naked eye ! It was known in ancient times by 
the Grreek astronomers that the flickmng of their light dis- 
tinguished the fixed, stars from the planets ; but Aristotle, in 
accordance with the iamaaaticm and tangential theory of vi- 
sion, to which he adhered, singularly enough ascribes the scin- 
tillation of the fixed stars merely to a straining of the eye. 
" The riveted star* (the fixed stars)," says he,* " sparkle, but 
not the planets ; for the latter are so near that the eye is able 
to reach them ; but in looking at the fixed stars {npo^ 6e rovg 
fievovTa^)^ the eye acquires a tremulous mM>tion, owing to the 
distance and the effort." 

In the time of Galileo, betwe^i 1572 and 1604 — an epoch 
remarkable for great celestial events, when three starsf of 
greater brightness than sta.rs of the first magnitude suddenly 
appeared, one of which, in Cygnus, remained luminous for 
twenty-one years — Kepler's attention was specially directed 
to seintillaticNi as^the probable criterion of the non-planetary 
nature of a celesti^ body. Although well versed in the sci- 
ence of optics, in its then imperfect state, he was unq^ble to 
rise above the received notion of moving vapors.t In the 
Chinese Records of the newly appeared stars, according to 
the great collection of liia/'tufm-lm, their strong scintillation 
is occasionally mentioned. 

The more equal mixture of the atmoepheric strata, in and 
near the tropics, and the faintness or total absence of scintil- 

* Aristot., De Ctslo, li., 8, p. 290, Bekker. 
t CosmoSf vol* ii., p. 326. 

t CoMtt aeinliUaiumia, ia Kepler, De Siella nova in pede SerpeniaHt, 
1606, cap. xviii., p* 92^97. 
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lation of the fixed stars when they have risen 12° or 15* 
above the horizon, give the vault of heaven a peculiar char- 
acter of mild effulgence and repose. I have already referred 
in many of my delineations of tropical scenery to this charac- 
teristic, which was also noticed by the accurate observers La 
Condamine and Bouguer, in the Peruvian plains, and by 
Garcin,* in Arabia, Jndia, and on the shores of the Persian, 
Gulf (near Bender Abassi). ^ ^ 

As the aspect of the starry heavens, in the season of the 
serene and cloudless nights of the tropics, specially excited 
my admiration, I have been careful to note in my journals 
the height above the horizon at which the scintillation of the 
stars ceased in different hygrometric conditions. Cumana 
and the rainless portion of the Peruvian coast of the Pacific, 
before the season of the garua (mist) had set in, were pecul- 
iarly suited to such observations. On an average, the fixed 
stars appear only to scintillate when less than 10° or 12^ 
above the horizon. At greater elevations, they shed a mild, 
planetary light; but this difiereJnce is most strikingly per- 
ceived when the same fixed ^tars are watched in their grad- 
ual rising or setting, and the angles of their altitudes meas- 
ured or calculated by the known time and latitude 5f the 
place. In some, serene and calm nights, the region of scin- 
tillation extended to an elevation of 20° or even 26° ; but a 
connection could scarcely ever be traced between the differ- 
ences of altitude or intensity of the scintillation and the hy- 
grometric and thermometric conditions, observable in the low- 
er and only accessi]3le region of the atmosphere. I have ob- 
served, during successive nights, after considerable scintilla- 
tion of stars, having an altitude of 60° or 70°, when Saus- 
sure's hair-hygrometer stood at 85°, that the scinlillation en- 
tirely ceased when the stars were 15® above the horizon, al- 
though the moisture of the atmosphere was so considerably 
increased that the hygrometer had risen to 93®. The intri- 
cate compensatory phenomena of interference of the rays of 
light are modified, not by the quantity of aqueous vapor con- 
tained in solution in the atmosphere, but by the unequal dis- 
tribution of vapors in the superimposed strata, and by the 
upper currents of cold and warm air, which are not percept- 
ible in the lower regions of the atmosphere. The scintilla- 
tion of stars at a great altitude was also strikingly increased 
during the thin yellowish red mist which tinges the heavens 

*' Lettre de M. Oarein, Dr. en Med. a M. de Reaumur , in Hiei. de 
VAcad4mie Rotate dee Sciencee, Annie 1743, p. 28-32. 
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sbortly before an earthquake. These obfierratuniB only refer 
to the serenely bright and rainless seasons of the year with- 
in the tropics, from 10° to 12° north and south of the equa- 
tor. The phenomena of light exhibited at the commence- 
ment of the rainy season, during the sun's zenith-passage, 
depend on very general, yet j^werful, and almost tempestu- 
ous causes. The sudden decrease of the northeast trade-wind, 
and the interruption of the passage of regular upper currents 
from the equator to the poles, and of lower currents from the 
poles to the equator, generate clouds, and thus daily give rise, 
at definite recurring periods, to storms of wind and torrents 
of rain. I have observed during several si^ocessive yei^ 
thafin regions where the scintillation of the fixed stars is^ 
of rare occurrence, the approach of the rainy season is an- 
nounced many days beforehand by a flickering light of the 
stars ai great, altitudes above the horizon. . This phenome- 
non is accompanied by sheet lightnings and single flashes on . 
the distant horizon, sometinies without any visible cloud, and 
at others darting through narrow, vertically ascending col- 
xunns of clouds. In several of my writings I have endeav- 
ored to delineate these precursory characteristics and physi- 
ognomical changes in the atmosphere.* 

The second book of Lord Bacon's Novtmi Organum gives 
us the earliest views on the velocity of light and the prob- 
ability of its requiring a certain time for its transmission. 
He speaks of the time required by a ray of light to traverse 
the enormous distances of the universe, and proposes the 

* See Vovage aux Rigiont Egutn.^ t. i., p. 511 and 512, and t ii., p. 
202-208; also my Vieio9 of Nature,^. 16, 138. 

*' En Arabie, de m^me qu^k Ben^eivAbaesi, port iameax da Golfe 
Fergique, Pair est parfaitement eerein preaque toate Fann^. Le prin- 
temps, r^t^, et Tautomne se passent, sana qu'on y voie la moindro roste. 
Dans, ces miftmes temps tout le monde coache dehors sar le hant des 
maisoDs. Quand on est ainsi ooacb^, il n'est pas possible d^ezprimer le 
plaisir qa'on prend k contempler la beaat^ da ciel, T^lat des 6toiles. 
C'est ane Inmi^re pure, ferme et itolatante, sans ^tinoellement. Ce n'est 
qa'aa miliea de rhiver qae la scintiUation, qaoiqae tr^s foible, s'y fait 
aperoevoir." 

"In Arabia," toys Garcin, " as also at Bender-Abasn, a celebrated 
port on the Persian Gnlf, the air is perfectly serene throughoat nearly 
the whole of the year. Spring, snmmer, and antamn pass withoat ez- 
hibiting a trace of dew. Daring these seasons all the inhabitants sleep 
. on the roofs of their houses. It is impossible. to describe the pleasure 
experienced in contemplating the beaaty of the sky, and the brightness 
of the stars, while thus lying in4he open air. The liaht of the stars is 
pare, steady, and brilliant ; and it is only in the middle of the winter 
that a slight degree of scintillation is observed.*' — Garcin, in Hist, de 
FAcad. det Sc, 1743, p. 30. 
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quortion whether those stais yet exist which we ho^ see 
shining.* We are astonished to meet with this happy con- 
jecture in a work whose intellectual author was far hehind 
his eotemporaries in mathematical, astronomical, and phys- 
ical knowledge. The velocity of reflected solar light was 
first measured hy Romer (Norember, 1675) by comparing 
the periods of oocnltation of Jupiter's sateUites ; while the 
velocity of the direct light of the fixed stats was ascertained 
(in the autumn of 1727) by means of Bradley's great discov- 
ery of aberration, which afibrded objective eYidenoe of the 
translatory movement of the earth, and of the truth of the 
Copemioan system. In recent times, a third method of 
measurement has been suggested \^ Arago, w^eh is based 
on the phenomena of light observed in a variable star, as^ 
for in9tan(^e, Algol in Perseus.f To these astronomical meth- 
ods may be added one of terrestrial measurement, lately con* 
ducted with much ingenuity and success by M. Fizeau iii 
the neighborhood of Paris. It reminds us of Galileo's early 

* In speaidng of the deceptionfr occaiSoiied by the velocity of Bound 
and light, Baoon says r ** This last instance, and tithen of a like nature, 
have sometimes excited in us a most marvelous doubt, no less than 
whether the image of the sky and stars is perceived as at the actual 
moment of its existence, or rather a little after, and whether there is not 
(with regard to the visible appearance of the heavenly bodies) a true 
and apparent place which is observed by astronomers in parallaxes. It 
appeared so incredible to us that the images or radiations of heavenly 
tx)dies could suddenly be conveyed through such immense^ spaces to the 
ii^ht, and it seemed that they ought rathiBr to be transmitted in a def- 
inite titne. ■ That doubt^ however, as far as regards any great difference 
between the true and apparent time, was subsequently completely set 
at re6t when we considered . » . ."—The works of Francis Bacon, vol. 
liv., Lond^, 1831 {Nopim Organum)t P- 177. He then recalls the cor- 
rect view he had previously announced precisely in the manner of the 
ancients. Compare Mrs. SomerviHe's Connection of the Phiftieal SH- 
meeSf p. 30, and Co9mo$y Vol. i., p. 154, 155. 

t See Arago's explanation of his method in the Annuaire du Bureau 
tZsi Lonpiudes pour 1^43, t>. 337-34d. " L'obsesvation attentive des 
phases d' Algol ft six mois d'lntervalle servira 4 determiner directement 
la Vitesse de la lumi^re de cette 6toile. Fr^s du maximum et du mini- 
mutn le chah^ement d'intensit^ s'o^dre lentement ; il est an contraire 
kapide k certames ^poques interm^diares entre celles qui correspondent 
aux deux £tats extreines, quand Algol, soit en diminuant, soit en aug^ 
inentant d'^lat^ passe pour la t*oi8ieme grandeur." 

" The atteative observation of the phases of Algol at a six-months in- 
terval wSl serve to determine directly the velocity of that star's light. 
Tfear the maximuni and the miniinucd the change of intensity is very 
slow; it is^ on the contrary, rapid at certain intermediate epochs be- ' 
tween those corresponding to the two extremes, when Algol, either di- 
minishmg or increasing in brightness, appears of the third laagnitode. 
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and fruitless experiments with two alternately obscured lan- 
terns. 

Horrebow and Du Hamel estimated the time occupied in 
the passage of light from the sun to the earth at its mean 
distance, according to Homer's first observations of Jupiter's 
satellites, at 14' 7", Cassini at 14' 10" ; while Newton* 

* Newtoo, Optie$, 2d ©d. (London, 1718), p. 325. " Light moves 
from the sun to m in seven or eight mioQtes of time.*' Newton com- 
pares the velocity of sound (1140 feet in 1") with that of light. As, 
from observations on the occnltatious of Japiter's satellites (Newton's 
death occurred about half a year before Bradley's discovery of aberra- 
tion), he calculates that U^t passes from the sun to the earth, a distance, 
as he assumed, of 70 millions of miles, in 7' 'iQf' ; this result yields a ve- 
locity of lij^ht equal to 155,555 j miles in a second. The reduction of 
these [ordinary} to geographical miles (60 to 1^) is subject to variations 
according as we assume the figure of the earth. According to Eucke's 
accurate calculations in the Jahrlmchfikr 1852, an equatorial degree is 
equal to 69* 1637 EngEsh miles. According to Newton's data, we should 
therefore have a veloctfy of 134,944 geographical miles. Newton, how- 
ever, assumed the sun's paralliuc te be 12''. If this, according to Encke's 
calculation of the transit of Venus, be 8'''57116, the distance is f^reater, 
anjd we obtain for the velocity of liffht (at seven and a half minutes) 
188,928 geographical, or 217,783 ordinary miles, in a second of time ; 
therefore too much, as before we bad too little. It is certainly very re- 
markable, although the circumstance has been overlooked by Delambrs 
{Hist, de VA$tronomie Modeme, torn, ii., p. 653), that Newton (proba- 
bly, basing his calculations upon more, recent Ettjglish observations of 
the fint satellite) should have approximated within 47'' to the true re- 
sult (namel^p-, that of Struve, which is now generally adopted), while 
the time assigned for tiie passaee of light over the semi-diameter of the 
earth's orbit continued to vaeifiate between the very high amonnts of 
11' and 14' 10", from tbe period of B5mer's discovery in 1675 to the be- 

S'nuiag of tbe eighteenth century. The first treatise in which RSmer, 
e pnpil of Ficwd, communicated bis discovery to the Academy^ bears 
tbe date of November 22, 1675* He found, from observations of forty 
emersions and immersions of Jupiter's satellites, " a retardation of Hght 
amounting to 22 minutes for an interval of space double that of the sun's 
distance from tbe ^arth." (Memoirs de VAcad. de 1666-1699, tom. x., 
1730, p. 400.) Cassini does not deny the retardation, but he does not 
Qoncur in tbe amount of time eiven, because, as be erroneously argues^ 
different satellites presented different results. Da Hamel, secretary to 
the Paris .Academy (Regite Seieniiarvm AeademisB Hitteria^ 1698, p. 
143), gave from 10 to 11 minutes, seventeen years after ROmer had 1^ 
Pans, althoiigh he refers to him ; yet we know, through Peter Horre- 
bow {B<ui$ Astrimomitt tive Tridvum RoemiriaamM, 1735, p. 122-129), 
that R6mer adhered to the result of U', wheuin 1704, six years before 
his death, he purposed bringing oat a work on the velocity of light; 
the same was the case with Huygens ( Trael. de Lvmaney cap. i., p. 7). 
Cassini's method was very diffef^eHt^W found 7' 5" iac the first satel- 
lite, and 14' 12" fer the second, having taken 14' 10" for the basis of 
his tables for Jupiter pro peragrando deametri eewusei. The error was 
therefore on the increase. (Oompare Horrebow, Triduum, p. 129 ; Cas- 
nni, HyptfMitt at StOdUtee de Jupiter in the M6m,.de VAead,, 1666* 

D2 
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approximated veiy remarkably to the truth ivhen he gave 
it at 7' 30". Delambre,* who did not take into account any 
of the observations made in hie own time, with the excep- 
tion of those of the first satellite, found 8' 13"-2. Encke 
has very justly noticed the great importance of undertaking 
a special course of observations on the occultations of Jupi- 
ter's satellites, in order to arrive at a correct idea regarding 
the velocity of light, now that the perfection attained in the 
construction of telescopes warrants us in hoping that we may 
obtain trustworthy results. 

Dr. Busch,t of Konigsberg, who based his calculations on 
Bradley's observations of aberration, as rediscovered by Ri- 
gaud of Oxford, estimated the passage of light from the sun 
to the earth at 8' 12"* 14, the velocity of stellar light at 
167,976 miles in a second, and the constant qf aberration 
at 20"'2116 ; but it would appear, from the, more recent ob- 
servations on aberration carried on during eighteen months 
by Struve with the great transit instrument at Pulkowa,t 
that the former of these numbers should be considerably in- 

1699, torn, viii., p. 435, 475 ; Delambre, Hiti, de VAttr. Mod,, torn, u., 
p. 751, 782; Da Hamel, PAynca, p. 435.) 

* Delambre, HUt. de VAttr. Hod,^ torn, ii*, p. 653. 

t Reduction of Bradle^e Obeervatione at Ketb and Waneied, 1836, p. 
22 ; Schumacher's A$tr. Naehr., bd^ xiii., 1836, No. 309 (compare Muh 
eeUaneou$ Workf and Correepondence of the Sev. James Bradley, by 
Prof. Rigaud, Oxford, 1832). On the mode adopted for explaining ab- 
erration in accordance with the theory of nndulatory light, see Doppler, 
An the Abkl. derKon. hohnUeehen GeeelUchaft der Wise., 5te Folge., bd. 
iii., 8. 754-765. It is a point of extreme importance in the history of 
great astronomical discoveries, that Picard, more than half a century 
before the actual discovery and explanation by 'Bradley of the cause 
of aberration, probably from 1667, haid observed a periodical movement 
of the pdhir star to me extent of about 20'^ which could ** ni^ither be 
the effect of parallaz or of refraction, and wsb very regular at op]>06ite 
seasons of the year.*' /Delambre, Hist, de TAstr, Modeme, torn, ii., p. 
616.) Picard had nearly ascertained the velocity of direct light before 
his pupH, B6mer, made known that of reflected light. 

t Schum., Astr, Naehr,, bd. xxi., 1844, No. 484 ; Stmve, Etudes d^Astr. 
SteUaire, p. 103, 107 (compare Cosmos, vol. i., p. 153, 154). The re- 
suit given in the Annuaire pour 1842, p. 287, for the velocity of light 
in a second, is 308,000 kilomenes, or 77,000 leagues (each of 4000 
metres), which corresponds to 215,834 miles, and approximates most 
nearly to Struve's recent result, while, that obtained at the Pulkowa 
ObservatoiT is 189,746 miles. On the difference in the aberration of 
the light of the polsr star and that of its companion, and on the doubts 
recently expressed b^ Struve, see Madler, Astronomic, 1849, s. 393. 
William Ricnardson gives as the result of the passage of light from the 
sun to the earth 8^ 19.'''28, from which we obtain a velocity of 215,392 
mileB in a second. (Mem. of the Astron. Soe.f TOl. iv., Part i., p. 68.) 
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creased. The result of these important obaenrations gave 
8' 17"* 78 ; from which, with a constant- of aberration of 
^ 20" -4:4:51 J and Eiicke's correction of the sun*s parallax in the 
year 1835, together with his determination of the earth's 
radius, as given in his Astronomischss Jahrbuchfur 1852, 
we obtain 166,196 geographical miles for the velocity of 
light in a second. The probable error in the velocity seems 
scarcely to amount to eight geographical miles. Struve's 
result for the time which light requires to pass from the sun 
to the earth differs about yf^th from Delambre*s (8' 13"-2), 
which has been adopted by Bessel in the Tab, JRegiom.y and 
has 'hitherto been followed in the Berlin Astronomical Al- 
manac. The discussion on this subject can not, however, 
be regarded as wholly at rest. Great doubts still exist as 
to the earlier adopted conjecture that the velocity of the 
light of the polar star was smaller than that of its compan- 
ion in the ratio of 133 to 1^4. 

M. Fizeau, a physicist, distinguished alike for his great 
acquirements and for the delicacy of his experiments, has 
submitted the velocity of light to a terrestrial measurement, 
by means of an ingeniously constructed apparatus, in which 
artificial light (resembling stellar light) generated from oxy- 
gen and hydrogen is made to pass back, by means of a mir- 
ror between Suresne and La Butte Montmartre, over a dis- 
tance of 28,321 feet, to the same point from which it ema- 
nated. A disk havinjg 720 teeth, which made 12*6 rotations 
in a second, alternately obscured the ray of li^ht and allowed 
it to be seen between the teeth on the margin. It was sup- 
posed from the marking of a counter (compteur) that the 
artificial light traversed 56,642 feet, or the distance to and 
from the stations in tVott^^ P^^^ 9^ ^ second, whence we ob- 
tain a. velocity of 1^1,460 miles in a second.* This result, 
therefore, approximates most closely to Delambre*s (which 
was 189^,173 miles), as obtained from Jupiter's satellite's. 

Direct observations and ingeiiiqus reflections on the ab- 
sence of all coloration during the alternation of light in the 
variable stars — a subject to which I shall revert in the se- 

' * Fizeau gives his restdt in leagaei, reokoniag 25 (and conseqiiently 
4452 metres) to the eqoatorial degree. He estimates the veliicity of- 
fight at 70,000 8a<$h leagaes,or abOttt 210,000 miles in the second On 
the earlier experiments of Fizeau, see Comptn Rendutf tom. xxix.^ p. 92. 
In Moigno, R^psH, d^Optique Modeme, Part iii., p. 1162, we find this 
velocity given at 70,843 leagues (of 25=1°), or about 212,529 miles, 
which approximates most nearly to the result of Bradley, as given by 
Busch. 
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quel^-^led Ara^o to the result that, aocordiBg to thd undu« 
latory theory, raji of light of different color, which conse- 
qu'ently have transverse vihr&tions of very different length 
and velocity, move through space with the same rapidity. 
The velocity of transmission ^nd refraction differ^ therefore, 
in the interior of the different bodies through which the col- 
ored rays pass ;^ for Arago's observations have shown that 

* ** D'apr^B la th^rie math^matiqae dass le systdme des ondes, leg 
rayons de diff^renteB couleurs, les rayons dont les bndalations sent ine- 
gales, doivent n^anmoins se propager dans Tether avec la mdme Vi- 
tesse. H n'y a pas de diffi^rence k cet 6gard eatre la propagation d^ 
ondet Bonores, lesqaeUes se propagent dans 1-air^vec la m^me rapidity. 
Cette 6galit^ de propagation des ondes sonores est bien ^taHie exp^ri- 
inentalement par la siraUitude d'effet que produit nne mnsique donn^ 
k toutes distances du lien ou I'on Tex^ate. La priQcipale difficult^, 
je dirai ronique difficult^, qn^on eil^t 61ev66 contre le jtyat^me des ohdeB, 
opnsis^ait done k expUquer,^ comment la vit^se de propa^tion des ray- 
ons de difii^rentes coolears d§ns les corps difilSrents pouvait 6tre dissem* 
blable et servir k rendre compte de Tin^galit^ de refraction de ces ray- 
ons on de la dispersion. On a montr^ r^emment que cette difficalt6 
li'est pas insormontable; qu'oki pent constitaer Tether dftns les corpg 
intealement denses de mani^re qne des rayons k ondnlations diasem- 
t>lables s'y .^opafrent avec des vitesses in^gales : reste k determiner, si 
les donceptions des g^om^to'es k cet ^gard sont confoipmes k la nature 
des choscB. Voici les amplitudes des ondulatiotis deduites exp^rimen- 
taleuMiit d'QiM B^fie de fiats relstif anx interferences : 

Violet ......... 0000423 

Jaune ......... 0-000551 

iEouge , 0-000620 

la vitetee de transmission des rayons de diff^rentes couleurs dsns les 
espaces c^estes bet la ts^tat dans le syst^me des ondes et tout-^^ait. 
Independfluite de I'^tendne on de la yitesse des ondnlationB." - 

- " According to llie mathematical theoiy of a system of waves, niys 
of different colors, having unequal uddulatipns, must nevertheless be 
transmitted through ether with the same velocity. There is no differ- 
ence in this respect from the mode of propagation of waves bf sound 
which are transmitted thion£[h the atmosphere with equal velpcity^ 
This equality of transmission m waves of sound may be well demon- 
strated experimentally by the uniformity of effect produced by music 
at aU distances from the source whence it emanates. The principal, I 
may toy the only objection, ac^vanced against the tindnlatory theory^' 
consisted in the difficulty of explaining how the velocity of the propa- 
gation of rays of different colors through different bodies could be dis- 
■imilar, wfaae it acoonnted for the inequality of the refraction of the 
fays or of their dispersion. It has been recently shown that this diffi- 
culty is not insormountable, and that the ether may be supposed to be 
transmitted through bodies. of unequal density in such a manner that 
n^ys of diBBiffiikr systenu of waves may be propigated through it with 
unequal velomtieti but it remoias to be determined Whether the views 
•dvaucsd tiy geooislricians on this question are in unison with the act* 
lud nature of things. The f<^owing are the lengths of the undulations* 
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lefraction in the prism is not altered by the relation of the 
Telocity of light to that of the earth's motion. All the meas- 
nrements coincide in the result, that the light of those stars 
toward which the earth is moving presents the same index 
of refraction as the light of those from which it is receding. 
Using the language of the emission hypothesis, this celebra« 
ted observer remarks, that bodies send forth rays of all Te« 
locities, but that among these difierent relocities one only 
is capable of exciting the sensation of light.* 

ae experimdntaUj dedftcod from a seriei of faott in relation to iator* 

ference: 

mm. 

Violet 0-000423 

Yellow 0000551 

Bed 0000620 

The velodity of the tnulBiiiiMion of rm of different eolort diroiigfa oe- 
lestiel ipace is equal in the fyBtem ot wares, and is qaite independent 
of the length or tne velocity of the undulations.'' — Arago, MS, of 1849. 
Compare also the Annuaire pour ld42, p. 333-336. Tne length of the 
Inminoos wave of the bther, and the velocitv of the vibrations, determ* 
ine the character of the colored rays. To the violet, which is the most 
reihuiflrible ray» belong 662, while to the red (or least refrangible ray 
with ike greatest length of wave) there belong 451 bilHons of vibra- 
tions in the second. 

* *< J'ai prt>uv6, H y a bien de« ann^s, par defb observations dire6tes 
qne les rayons des 6toiles vers lesquelles la Terre marche, et les ray- 
ons des ^toiles dont la ttlrre s'^loigne, se r^fiactent ezactement de la 
m^me qiiantit^. ^n tol r^saltat ne peat se concilier avee la thiorie de 
VimiiHon qa^4 1'aide d'une addition importante i faire k cette throne: 
il feat admettra qne les corps laminenx toettent des rayons de tontes 
les vitesses, et qne les seids rayons d*ane vitesse d^termtn^ sont visi- 
bles, qu'enx seals produisent £kob Voeil la sensation de lami^re. Dana 
la th^rie de remission, le roage, le jaane, le vert, le blea, le violet so- 
laires ^ontrespecttvem^iteccompagn^'de rayons pansils, mais obscon 
par d^fant on par'exc^ de vitesse^ A plus de vitesie correspond one 
moindre r6firaotiott, commemoins de yitesse entraine one rtfraction plc^ 
grande. Ainsi chaqae rayoa roage visible est acoorapagntf de rayons 
obscurs de la .ml^me nature, qui se r^fractent les aos plus, les autres 
moins que lui : amsi U ezute des rayoni deau le* gtriee noirm de la 2>or* 
tion rouge da spectre ; la m^me chose doit 6tre admise des stries sitn- 
4es dans les portions jannes, vertes, bleues et violettas.** 
- *< I showed many years ago, by direbt observations, that the rayv of 
chose Stan toward which the earth moves, and Ihe rays of those stara 
from which it recedes, are repeated in exactly the same degree. Snob 
a result can Qot be reconciled with ihe^thwry ofemitmom, lUdess we 
make the important admission that luminpns bodies emit n^ of all ve- 
locities, and that only rays of a determined velocity are visible, these 
idone being capable of impressing the eye wi& the sensation of light. 
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Oil <5ompaTisg the velocities of solar, stellar, and terres-: 
trial light, which are all equally refracted in the prism, 
with the velocity of the light of frictional electricity, we are 
disposed, in accordance with Wheatstone's ingeniously con- 
ducted experiments,, to regard the lowest ratio in which the 
latter exceeds the former as 3 : 2. According to the lowest 
results of Wheatstone's optical rotatory apparatus, electric 
light traverses 288,000 miles in a second.*" If we reckon 
189,938 miles for stellar light, according to Struve's observ- 
ations on aberration, we obtain the difference of 95,776 miles 
as the greater velocity of electricity in one second. 

These results are apparently opposed to the views ad- 
vanced by Sir William Heirschel, according to which solar 
and stellar light are regarded as the efiects of an electro- 
magnetic priocess — a perpetual northern light. I say ap- 
parently, for no one will contest the possibility that there 
may be several very different magneto-electrical processes in 
the luminous cosmical bodies, in which Hght — ^the product 
of the process— may possess a different velocity of prppaga- ^ 
tion. To this conjecture may be added the uncertainty of 
the numerical result yielded by the experiments of Wheat- 
stone, who has himself admitted that they are not sufficient- 
ly established, but need further confirmation before they can 

aasocisted with a slight degree of refraction, while a smaller amomit of 
veloeity involves a slishter degree of refraction. Thus every visible 
red ray is accompanied by dark rays of the scime nature, of which some 
are more, and others less, refracted than the former; thereare conse- 

auently rays in the black lines of the red portion of the spectrum ; and 
le same must be admitted in reference to the lines situated in the yel- 
low, green, blue, and violet portions."— ^Arago, in the -Comptes Rendus 
de VAead. des Sciences, t. xvi., 1843, p. 404. Compare also t. viii., 1839, 
p. 326, and Poisson, TraiU de Micaniqm, ed, ii., 1833, t. i., $ 168. Ac- 
cording to the undulatory theory, the stars emit waves of extremely 
various transverse velocities of oscillations. 

* Wheatotone, in the PhUos, Transact, of the Royal Soc.for 1834, p. 
589, 591.- From the experiments described in this paper; it would ap- 
pear that the human eye is capable of perceiving phenomena of light, 
whose duration is Hmited to the millionth jpart of a second (p. 591). 
On the hypothesis referred to in the text, of the ^supposed analosy be- 
tween the light of the sun and polar light, see Sir John Herschers Re» 
suits of Astron, Obserif, at the Cape of Good Hope, 1847, p. 351. Arago, 
in the Comptes Rendus pour 1838, t. viL, p. 956, has referrjsd to the in- 
genious application of Breguet's iqiproved Wheatstone's rotatory ap- 
paratus for determining between the. theories of emission and undula- 
tion, since, according to the former, li^ht moves more rapidly through 
water than through air, while,. according to the latter, it moves more 
rapidly through air than through water. (Compare also Cimptes Re** 
due pour 1850, t xxz., p. 489H[95, 556.) 
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be satisfiictoTily compared with the results dedttced from ob- 
servations on aberration and on the satellites. 

The attention of physicists has been powerfnlly attracted 
to the experiments on the velocity of the transmission of 
electricity, recently conducted in the United States by Walk- 
er during the course of his electro-telegraphic determina- 
tions of the terreiptrial longitudes of Washington, Philadel- 
phia, New York, and Cambridge. According to Steinheil's 
description of these experiments, the astronomical xslock of 
the Observatory at Philadelphia was brought to correspond 
so perfectly with Morse's writing apparatus on the tele- 
graphic line, that this clock marked its own course by points 
on the endless paper fillets of the apparatus. The electric 
telegraph instantaneously: conveys each of these clock times 
to the other stations, indicating to these the Philadelphia 
time by a succession of similar points on the advancing pa- 
per fillets. In this manner, arbitrary signs, or the instant 
of a star's traiisit, may be similarly noted down at the sta- 
tion by a mere movement of Uie observer's finger on the stop. 
'* The special advantage of the American method consists," 
as Steinheil observes, '' in its rendering the determination of 
time independent of the combination of the two senses, sight 
and hearing, as the clock notes its own course, and indicates 
the instant of a star's trani^t (with a mean error, according 
to Walker's assertion, of only the 70th part of a second). A 
constant difierence between the compared clock times at 
Philadelphia and at Cambridge is dependent upon the time 
occupied by the electric current in twice traversing the 
closed circle between the two stations." 

Sixteen equations of condition, from measurements made 
on ccmducting wires of 1050 miles, gave for the velocity of 
transmission of the hydro-galvanic curr^it 18,700 miles,* 
which is fifteen times less than that of the electric current 
in Wheatston^^s rotatory disks. As in Walker's remarkable 
experiments tioo taires were not used, but half of the con- 

* SteiolTeil, in Schomaclier's Atir. Naehn, No, 679 (1849), 8. 97-100; 
Walker, in ike ProeeecUngi of the American PhUosffphieial Society ^ vol. 
▼., p. 128. (Compare earlier propositions of Poaillet in the Comptet 
Rendust t. zix., p. 1386.) The more recent in^eniods experiments of 
Mitchel, Director of the Observatory at Cincinnati (Gould's Aetron. 
Journal, Dec., 1849, p. 3, On the Velocity qf the Electric Wave), and the 
investigations of Fizeau and Goanelle at Paris, in April, 1850, differ 
both from Wheatstone's and Walker's^ resnlts. The experiments re- 
corded in the Oomptes Rendus, t. xxx., p. 439, exhibit striking dififer- 
«ncei between iron and copper as ^conducting media. . 
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duction, to use a conventional mode of expression, passed 
through the moist earth, we should seem to be justified in 
concluding that the velocity of the transmission of electricity 
depends upon the na|,ture as well as the dimensions*' of the 
medium. Bad conductors in the voltaic circuit become more 
powerfully heated than good conductors; and the experi- 
ments lately made by Riessf show that electric discharges 
are phenomena of a very various and complicated nature. 
The views' prevailing at the present day regarding what is 
usually termed *^ connection through the earth" are opposed 
to the hypothesis of linear, molecular conduction between 
the extremities of the wires, and to the conjectures of the 
impediments to conduction, of accumuliition, and disruption 
in a current, since what was formerly regarded as interme- 
diate conducjtion in the earth is now conjectured to belong 
exclusively to an equalization or restoration of the electric 
tension. ^ 

Althou^ it appears probable, from the extent of accura- 
cy at present attainable in this kind of observation, that the 
constant (^ aberration, and, consequently, the velocity of 
light, is the same for all fixed stars, the question has fre- 
quently been mooted whether it be not possible that there 
are luminous cosmioal bodies whose light does not reach us, 
in consequence of the particles of air being turned back by 
the force of gravitation exercised by the enormous masses 
of these bodies. The theory of emission gives a scientific 
form to these imaginative speculations, t I here only refer 

* See PoggendorfiTs Annaleih bd.budii.» 1848,0.337, and Foaiilet, 
PcmpteB Rendu*, t. xxx., p. 501. - 

t Biess, in Poggeadorflrs Ann., bd. 78, b. 433^ On the non-conduc- 
tion of the intermediate earth, see the important experiments of OniHe- 
inin, Sur h courant dans ttne pile isolSe et kuu e»mmmmM0ti<>% entre les 
pdlee in the Comptes Rendut, t. xxix., p. 521. "Qaand on rempkce 
on fil par la terre, dans les t^Ugraphes electriques, la terre sert plut6t 
de reservoir cpmmun, que de moyen d'union entre les deux extremi- 
ty da fil.*' ** When the earth is sobstituted for half the cireoit in tfa6 
electric telegraph, it serves rather as a common reservoir than as a 
means of connection between the two extremities of the wive." 
. t Madler, Asir,, s. 380; also Laplace, according to Moigao,' Riperioire 
d'Opa^e Modemej lSi7, t i., y>, 72 x '^Selon la tfa^orie de remission 
on croit pouvoir d^montrer que si le diam^tre d'libe 6toile fixe serait 250 
foisplus grand qu^ celni da soleil, sa detuiih restantla m^me, l^ttrao- 
Cion exereto, '4 ssi sorfaoe detrairait la qnantib^ de moavement, de la 
mol^iile latiiinease ^mise, de sortequ'elle serait invisible' 4 de grandes 
distances." ** It seems demonsfti^ble by the thi9ory>of emissioti that if 
the diameter of a fixed star be 250 times greater tmsn that of the ton- 
its density remaining the, fame— the attzactioa e xerc iaed on the surfao* 
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to Bueb views because it will be necessAry in the sequel that 
we should consider certain peculiarities of motion ascribed 
to Procyon, which appeared to indicate a disturbance from 
dark cosmical bodies. It is tlie object of the present portioii 
of this work to notice the different directions to which scien- 
tific inquiry had inclined at the period of its composition and 
publication, and thus to indicate the individual character 
of an epoch in the sidereal «8 well as the telluric sphere. 

The photometric relations (relations of brightness) of the 
sell-luminous bodies with which the regions of space are 
filled, have for more than two thousand years been an ob- 
ject of scientific observation and inquiry. The description 
of the starry firmament did hot only embrace determinations 
of places, the relative distances of luminous cosmical bodies 
from one another and from the circles depending on the ap- 
parent course (^ the sun and on the diurnal movement of 
the vault of heaven, but it also considered the relative in- 
tensity of the light of the stars. The earliest attention of 
mankind was undoubtedly directed to this latter point, in- 
dividual stars having received names before they were ar- 
ranged with others into groups and constellations. Among 
the wild tribes inhabiting the densely-wooded regions of the 
Upper Orinoco and the Atabapo, where, &om the impene- 
trable nature of the vegetation, I could only observe hi^ 
culminating stars for determinations of latitude, I frequently 
found that certain individuals, more especially old men, had 
designations for Canopus, Achernar, the feet of the Centaur, 
and a in the Southern Gross. If the catalogue of the con- 
stellations known as the Catasterisms of Eifatpsthenes can 
iay claim to the great antiquity so long, ascribed to it {between 
Autolycus of Fitane and Timocharis, and therefore nearly a 

woald destroy the amoant of ipotion emitted from the laminoiu mole* 
cule, so that it would be invisible at great distaaces." If, with Sir 
William Herschel, we ascribe to Arcturus an apparent diameter of 0"*1, 
it fellows that the triie diameter of this star is only eleven times greater 
than that of oar sun. ( CoBmoi, vol. i.^ p. 1 48.) From the above con- 
siderations on one of the causes of ilon-luminosity, the Velocity of liffht 
most be very different in cosmical bodies of different dimensions. This 
has, however, by no means been confirmed by the observations hitherto 
made. Araso says in the Comptes Rendust t. viii., p. 326, ** Les exp^ 
riences sur regale deviation prismatique des ^toUes, vers lesquelles la 
terre marche ou dont elle V^loigne, rend compte de.l'^lit^ de vitesse 
apparente de toutes les ^toiles.*V ** Bxperimento made on the equal 
prismatic deviation of the stars toward which the earth is moving, and 
Som which it is receding, explain the apparent equality of velocity in 
the rays of all the stars." 
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century and a half before the time of Hipparchus), we pos- 
sess in the astronomy of the Oreeks a limit for the period 
when the fixed stars had not yet been slanged according 
to their relative magnitudes. In the enumeration of the 
stars belonging to each constellation, as given in the Catas- 
terisms, frequent reference is made to the number of the 
largest and most luminous, or of the dark and less easily rec- 
ognized stars ;* but we find no relative comparison of the 
stars contained in the different constellations » The Catas- 
terisms are, according to Bdmhardy, Baehr, and Letronne, 
more than two hundred years less ancient than the catalogue 
of Hipparchus, and are, besides, a careless compilatio^ and 
a mere extract from the Poeticum Astronomicum (ascribed 
to Julius Hyginus), if not from the poem -Epfii^f of the older 
Eratosthenes. The catalogue of Hipparchus, which we pos- 
sess in the form given to it in the Almagest, contains the ear- . 
liest and most important determination of classes of magni- 
tude (gradations of brightness) of 1022 stars, and therefore 
of about one fifth of all the stars in the firmament visible to 
the naked eye, and ranging from the first to the sixth mag- 
nitude inclusive. It remains undetermined whether these 
estimates are all due to Hipparchus, or whether they do not 
rather appertain in part to the observations of Timocharis 
or Aristyllus, which Hipparchus frequently used. 

This work constituted the important basis on which was 
established the science of the Arabs and of the astronomers 
of the Middle Ages : the practice, transmitted to the nine- 
teenth century, of limiting the number of stars of the first 
magnitude to 15 (although Madler counts 18, and Riimker, 
after a more careful observation of the southern celestial hem- 
isphere, upward of 20), takes its origin from the classifica- 
tion of the Almagest, as given at the close of the table of 
stais in the eighth book. Ptolemy, referring to natural vi- 
sion, called all stars dark which were fainter than those of 
his sixth class ; and of this class ^he singularly enough only 
instances 49 s^rs distributed almost equally over both hem- 
ispheres. ' Considering that the catalogue enumerates about 
one fifth of all the -fixed stars visible to the naked eye, it 
should, according to Argelander's investigations, have given 

* Eratosthenes, Catcuterismiy ed. Schaubach, 1795, and Eratotikenieaf 
ed. 6. Bernhardj, 1822, p. 110-116. A distinction is made between 
stars Mfinpovc (jieydXovc) and oftavpovc (cap. 2, 11, 41). Ptolemy also 
limits ol &ft6p^T0i to tboee 8tar& which do not regularly bebng to a ouo- 
itollation. 
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640 stars of the sixth magnitude. The nehulous stairs (ve-* 
^Xoeidei^) of Ptolemy and of the Fseudo-Eratosthenian Co- 
tasterisms are mostly small stellar swarms,* appearing like 
nebulsB in the clearer atmosphere of the southern hemisphere. 
I more particularly base this conjecture on the mention of a 
nebula in the right hand of Perseus. Galileo, who, like the 
Greek and Arabian astronomers, was unacquainted with the 
nebula in Andromeda which is visible to the naked eye, says 
in his Nuncius sidereus that steUa ndndouB are nothing 
more than stellar masses scattered in shining groups through 
the ether {areola sparsim per etthera ftdgent).f The ex- 
pression (rwv fieydXuv rd^ig), the order of magnitudes, al- 
though referring only to luster, led, as early as the ninth cen- 
tury, to hypotheses on the diameters of stars of different bright- 
ness \t as if the intensity of light did not depend on the dis- 
tance, volume, and mass, as also (m the peculiar character 
of the surface of a cosmical body in more or less favoring the 
process of light. 

At the period of the Mongolian supremacy, when, in the 
fifteenth century, astronomy flourished at Samarcand, under 
Timur Ulugh Beg, photometrie detenuinations were facili- 
tated by the subdivision of each of the six classes of Hippar- 
chus and Ptolemy into three subordinate groups ; distinctions, 
for example, being drawn between the snudly intermediate^ 
and targe stars of the second magnitude— ah attempt which 
reminds us of the decimal gradations of Struve and Argelan- 
der.§ This advance in photometry, by a more exact determ- 
ination of degrees of intensity, is ascribed in Ulugh Beg's 
tables to Abdurrahman Sufi, who wrote a work "on the 
knowledge of the fixed stars," and was the first who men- 
tions one of the Magellanic clouds under the name of the 
White Ox. Since the discovery and gradual improvement 
of telescopic vision, these estiniates of the gradations of light 
have been extended far below the sixth class. The desire 
of comparing the increase and decrease of light in the newly- 

' * Ptol, Almasr., ed Halma, tapi. ii,, p. 40, and in Eraiodk, Cattutf 
cap. 22, p. 1&4 ij di Kt^^tf col 9 &pirff avairro^ dpdrai, 6ia de ve^eWdovc 
evoTpo^SoKei nav dpaoBcu. Thus, too, Geminus, PA««i. {ed. Hilder, 
1590), p. 46. t Cotmot, vol. ii., p. 330, 331. 

X Monamedis Alfiragatii Chronologipa et Ast Elementa, 1590, cap. 
xxiv., p.ll8. 

4 Some MSS. of the Almagest refer to such sabdivisions or interme- 
diate olasses, as they add the words jui^uv or e%aoa<jv to the determ- 
ination of maj^nitades. (Ood. Paris, No. 2389.) Tjrcho expressed this 
increase or diminution by points^ 
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appeared stars in Cygnud^and Ophiuchus (the former of which 
continued luminous for twenty-one years), with the hright- 
ness of other stars, called attention to photometric determina- 
tions. The so-called dark stars of Ptolemy, which were be- 
low the sixth magmtude, received numerical deisignations 
according to the relative intensity of their hght. ** Magni- 
tudes, from the eighth down to the sixteenth," says Sir John 
Herschel, *' are familiar to those who are in the practice of 
using powerful instruments.*" But at this faint degree of 
brightness, the denominations for the different gradations in 
the scale of magnitudes are very undetermined,, for StruVe 
occasionally classes among the twelfth or thirteenth stars 
which Sir John Herschel designates as belonging to the 
eighteenth or twentieth magnitudes. 

The present is not a fitting place to discuss the merits of 
the very different methods which have been adopted for the 
measurement of light within the last hundred and fifty years, 
from Auzout and Huygens to Bouguer and Lambert ; and 
from Sir William Herschel, Eumford, and Wollaston, to Stein- 
heil and Sir John Herschel. It will he sufficient for the ob- 
ject of this work briefly to indicate the difierent methods. 
These were a comparison of the shadows of artificial lights, 
differing in numbers and distance; diaphragms; plane-glass- 
es of different thickness and color ; artificial stars formed by 
reflection on glass spheres ; the jiixtaposition of two seven- 
feet telescopes, separated by a distance which the observer 
could pass in about a second ; reflecting instruments in which 
two stars can be simultaneously seen and compared, when 
the telescope has been so adjusted that the star directly ob- 
served gives two images of like intensity ;t an apparatus hav« 

• Sir Joho Heinschel, Outlines of Astr., p. 520-27. 
t This is the application of reflecting sextants to the determination 
of the intensity of stellar light; of this instrament I made ffreater use 
" • of ' ' 



when in the tropics than of the ^^hraffms recommended, to nie by 
Borda. I began my invedtigation under the clear skies of Gqmana, and 
continued them subsequent^ till 1803, but under less favorable condi- 
tions, on the elevated plateftux' of the Andes, and on the coasts <if the 
Pacific, near Guayaquil. I had formed an arbitrary scale, in which I 
marked Sirins, as the brightest of all the fixed stars, equal to lOO; the 
■tars of the first magnitude between 100 abd 80, those of the second 
magnitude between 80 and 60, of the third between 60 and 45, of the 
fourth between 45 and 30, and those of the fifth between 30 and 20. I 
especially measured the constellations of Argo and Grus, in which I 
thought I had observed alterations since the time of Lacaille. It seemed 
to me, after a careful combination of magnitudes, using other stars as 
intermediata gradations, that Sinus was as much brighter than Oanopus, 
as a Centaori than Achemar. My numben can not, on account of the 
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ing (in front of the obje^it^'glass) a mirror and diaphragroi, 
whose rotation is measured on a ring ; telescopes with di- 
vided object-glasses, on either half of which the stellar light 
is received through a prism ; astrometers^ in which a prism 
reflects the image of the moon or of Jupiter, and concentrates 
it through a lens at diflerent distances into a star more or 
less bright. Sir John Herschel, who has been more zealous- 
ly engaged than any other astroncmier of modern times in 
making numerical determinations in both hemispheres of the 
intensity of light, confesses that the practical application of 
exact photometric methods must still be regarded as a "de- 
above-mentioned mode of elaflsificBtion, be compaied direeUy with 
thofle which Sir John HerscSel made jiublic as early as 1838. (See my 
Reeueil d^Obterv. Astr., vol. i., p. Ixxi., and Relat, Hist, du Voyage avx 
R€gion$ Equin., t. i., p. 518 and 624; also Ldtre de M. de HutnMdi a 
M. Sehwnaeher en Fevr,j 1839, in the Attr. Nachr.\ No. 374.) In this 
letter I wrote as fiillows: ** M. Acago, qui poss^e des moyens pboto- 
m6triq|ues entierement difft^rents de cenx qui ont ^t^ publi^ josqa'ici* 
m*avait rassnr^ sur la partie des erreors qui pouvaient provenir da change- 
menttt'inclinaiflon d'un miroir entam6 sar la fkce int^rieare. II blAme 
d'aiUeors \b principe de ma m^hode et le regarde comme pen snscep. 
lible de perractionneraent, non senlement k cause de la diffiSreace des 
angles entre T^toile vue directement et celle qui est amen<6e par reflex* 
ion, mais surtput i»rce^ue le r^ultat de la mesure d' intensity depend 
de la partie de Tceil qui se trouve en &ce de Voculaire. H y a erreur 
lorsqne la pupille n'est pas tr^ iexactement k la hauteur de la limite in* 
fiftrieure de la portion non eotam^ du petit miroir." ** M. Anigo, who 
possesses photometric da^ diflTeriog entirely from those hitherto pub* 
ushed, had instructed me in reference to those errors which might arise 
from a change of inclination Of a mirror silvered on its inner surface. 
He moreover blames the principle of my nlethod, and regards it as lit- 
'tle susceptible of correctness, not only on acoOvnt of the difference of 
angles between the star seen directly and by reflection, but especially 
because the result of the amount of intensity depends on the part of the 
eye opposite to the ocular glass, fhere will be an error in the observ. 
ations when the pupil is not exactly adjusted to the elevation of the 
lower limit of the unplated part of the snuill mirror." 

* Compare Steinheil, Elemente Atr HeUigkeite-Mesenngen aH Siemens 
himmel Miknehenf 1836 (Schum., Aeir. Naehr., No. 609), and John Her- 
schel, Rteulte of Aitronamieal ObeervaHons made during the Yearn 1834 
-1838 at the Cape of Good Hope (Londv 1847), p. 353-357. Seidel at- 
tempted in 1846 to determine by means of SteinheiFs photometer the 
quantities of light of several stars of the flrst magnitude, which attain 
^e requisite degree of latitude in our northern latitudes. Assuming 
Vesa to be =1, he finds for Sirins 5*13 ; for Rigel, whose luster appears 
to be on die increase, 1*30; for Arctams, 0^84; for CapeUa, 0*83 ; for 
Procyon, 0*71; for Spica, 0*49; for Atair, 0*40; for Aldebaran, 0*36; 
for Deneb, 0*35: for Begulus, 0*34; for PoUox, 0-30; be does not give 
the intensity of the light of Betelgeux, on account of its being a varia* 
ble star, as was particukrly manifested between 1836 and 1839. {Out^ 
/met, p* 523.) 
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aideratum in astronomy/' and that ** photometry is yet in its 
infancy." The increasing interest taken in variable stars, 
and the recent celestial phenomenon of the extraordinary in- 
crease of light exhibited in the year 1837 in a star of the con* 
stellation Argo, has made astronomers more sensible of the 
importance of obtaining certain determinations of light. 

It is essential to distinguish between the mere arrangement 
of stars according to their luster, without numerical estimates 
of the intensity of light (an arrangement adopted by Sir John 
Herschel in his ManucU of Scientific Inquiry prepared for 
the Use of the Navy), and classifications in which intensity 
of Ught is expressed by numbers, under the form of so-called 
relations of magnitude, or by more hazardous estimates of the 
quantities of radiated light.^ The first numerical scale, based 
on estimates calculated with the naked eye, but improved by 
an ingenious elaboration of the materialsf probably deserves 
the preference over any other approximative method practi- 
cable in the present imperfect condition of photometrical in- 
struments, however much the exactness of the estimates must 
be endangered by the varying pow'ers of individual observers 
— the serenity of the atmosphere— -the different altitudes of 
widely-distant stars, which can only be compared by means 
of numerous intermediate stellar bodies — and above ail by the 
unequal color of the light. Very brilliant stars of the first 
magnitude, such as Sirius and Canopus, a Centauri and Acher- 
nar, Deneb and Vega, on account of their white light, admit 
far less readily of comparison by the naked eye than fainter 
stars below the sixth and seventh magnitudes. Such a com- 
parison is even more difficult when -we attempt to contrast 
yellow stars of intense Ught, like Procyon, Capella, or Atair, 
with red ones, like Aldebaran, Arcturus, and Betelgeux.f 

* Compare, for the namerical data of the photometric resalts, foor 
tables of Sir John HerscheFg AmIt. Obs. at the Cape, a), p. 341 ; b), p. 
367-371 ; c). p. 440 ; and d), in hiji Outlines cf Astr, p. 522-625, 645- 
646. For a mere arrangement without numbers, see the Manual of 
Seientific Inquiry prepared for the Use of the Navy^ 1819, p. 12. In 
order to improve the old conventional mode of classing the stars.accord* 
ing to magnitudes, ^a scale of photometric magnitudes, consisting in the 
addition of 0*41, as explained more iti detail in Astr. Obs. at the Capej p. 
370, has been added to the vulgar scale of masnitudes in the Outlines of 
Astronomy^ p. 645, and these scales m subjoined to this portion of the 
present worK, together, with a list of northern and sontbem stars, 

t Argelander, Durchmusierung des nordL Himmds zunsehen 45^ und 
S(P Decl. 1846, s. i^xiv.-xxvi. ; Sir John Herschel, Attr. Obur^. at the 
Cape of Good Hope, p. 327,^ 340, 365. 

\ Op, dt., p. 304, and OuU,, p. 522. 
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Sir John Henchel has endeavored to detennine the rela- 
tion between the intensity of solar light and that of a star of 
the first magnitude by a photometric comparison of the moon 
with the double star a Centauri of the southern hemisphere, 
which is the third in brightness of all the stars. He thus 
fulfilled (as had been already done by WoUaston^ a wish ex- 
pressed by John Michell* as early as 1767. Sir John Her- 
schel found from the mean of eleven measurements conduct- 
ed with a jHrismatic apparatus, that the full moon was 27,408 
times brighter than a Centauri. According to WoUaston, the 
light of the sun is 801,072 limes brighter than the full moon ;t 
whenee it follows that the light transmitted to us from the 
sun is to tbe light which we receive from a Centauri as 
22,000 millions to 1. It seems, therefore, very probable, 
when, in accordance with its parallsx, we take into account 
the distance of the star, that its f absolute) proper luminosity 
exceeds that of our sun by 2/^ tmies. Wollaston foimd the 
brightness of Sinus 20,000 million times fainter than that of 
the sun. From what. we. at present believe to be the paral- 
, lax of Sinus (0^''230), its actual (absolute) intensity of light 
exceeds that of the sun 63 times.l Our sun therefore be- 
Icmgs, in reference to the intensity of its process of light, to 
the fainter fixed stars. Sir John Herschel estimates the in- 
tensity of the light of Sinus to be equal to the light of nearly 

♦ PhUos. TramaeL, voL Ivii., for the year 1767, p. 234. 

t WoUaston, in the PkUos. Transact, for 1829, p. 27. Herschel's 
OuUines, p. 553. . Wolfanton'i comparison of the Ugnt of the snn with 
that of the moon was made in 1799, and was based on observations of 
the shadows thrown by tighted wax tapers, while in the experiments 
made on Sirios in 1826 and 1827, images reflected from thermometer 
bulbs were employed. ^ The earHer data of the intensity of the son's 
light, compared with that of the moon» differ widely from the results 
here given. They were deduced by Michelo and Bnler, from theoret- 
ical grounds^ at 450,000 and 374,000, and by Bouguer, from measure^ 
ments of the shadows of the light of wax tapers, at only 300,000. Lam- 
bert assumes Venus, in her greatest intensity of light, to be 3000 times 
fiunter than the full moon. According to Steinheil, the sun must be 
34286,500 dffief further removed from the earth than it is, in order to 
appear like Arcturus to Uie inhabitants of our planet (Struve, Btdlarum 
CompotiUuruM Mtnturm Mierometrica, p. clxiii.) ; and, according to 
Sir John Herschel, the light of Arcturus exhibits only half the intensity 
of Canopus.-— Herschel, Obstrv, at the Cape, p. 34. AU these conditions 
of intensity, more enpecially the important comparison of the bright- 
ness of the sun, the full moon, and of the ash-colored light of our satel- 
lite, which varies so greatly according to the different positions of the 
earth considered as a reflecting body, deserve further and serious in- 
vestigation. 
; t Outl. of Aetr,y p. 553 ; Aetr. Obsetv. at the Cape, p. 363. 
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two hundred staxs of the sixth magnitude. Since it is very 
probable, from analogy with the exp^ments already made, 
that all cosmical bodies are subject to "variations both in their 
movements through space and in the intensity of their light, 
although such variations may occur at very bng and undo* 
termined periods, it is obvious, considering the dependence 
of all organic life on the sun's temperature and oh the int^is- 
ity of its light, that the perfection of photometry constitutes 
a great and important subject for scnentifie inquiry. Such 
an improved condition of our knowledge can render it alcme 
possible to transmit to future generations numerical determ* 
inations of the photometric condition of the firmament. By 
these means we shall be enabled to explain numerous g&og" 
nostic phenomena relating to the thermal history of our at'* 
mosphere, and to the earlier distribution of plants and ani* 
mals. Such considerations did not escape the inquiring mind • 
of William Herschel, whp, mote than half a century ago, be- 
fore the close connection between electricity and magnetism 
had been discovered, compared the ever-luminous cloud^n- 
velopes of the sun's body withihe polar light of our own ter- 
restrial planet.* ' 

Arago has ascertained that the most certain m^hod for 
the direct measurement of the intensity of light consists in 
observing the complementaxy condition of the colored rings 
seen by transmission and reflection. I subjoin in a note,t in* 

* WaKam Herschel, On the Nature of the Sun and Fixed Stars, in 
ike PhUos.' Transact, for 1795, p. 62 ; and, On the Changes that happen 
to the Fixed Stare, in the Phiios. Transdct. for 1796, p. 186. Ootnpare 
also Sir John Hersohel, Obterv. at the Cape, p. 350-352. 

t Extract of a Letter from AT. Arttgo to M.de Humboldt, May, 1850. 

(a.) Mesuret Photomitriquef, 
** n u'existe pas de photom^tre proprement dit, c'est-^-dire d'instm- 
ment donuant Tiatensit^ d'une Inmi^re isol^e; le photom^tre de Les- 
lie, k Paide duqiiel il avait en I'audace de vooloir comjj^er la hnni^ra 
d6 la lone k la lami^re da soleil, par des actions calonfiqaea, est com- 
pl^tement d^fectaeuz. J'ai prouv^, en effet,. que ce pretenda photo- ' 
iQ^tro monte quand on Fexpose k la lami^re da soleil, qa*il descend 
sons Taction de la lami^re da feu ordinaire, et qa'il reste compl^te- 
ment stationoaire lorsqa'il re^oit la lami^re d'ane lamjpe d'Argaod. 
Tout ce qa'on a pu faire jusqu'ici, c*est de comparer entr^eiks deox la- 
mi^res en presence, et cette comparaison n'est m^me ^ Psbri de toate 
abjection qae lorsqa*on ram^ne ces denx lomi^res k T^galit^ par on 
attaiblissement g[radael de la lami^re la plus forte. C*est oomme crite- 
rium de cette 6^dit^ que j'ai empiloy^ les anneaax 4»lor^. Si on place 
Tune sQr Tautre denx lentiUes d*an long foyer, il se fonne aatoor da 
leur poiot de contact des anneaax colore tant par voie de reflexion C[ae 
par voie de jQnonsmissioii. Let anneattx r^^bis aoat eoinpl^iiientairea 
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Ins own wordB, th« resuUa of my friend's photometric tnethod, 
to which he ha43 added an account of the optical principle 
on whioli his cyanometer is hased. 

en couleor dos imiieii,aiL transmis; ces deaz e^ofi^ d*aniie«ux se Qdo- 
tralfsent mutaellement qiuuid les deux lomi^res qui les ibrineiit et qui 
iurrivent simaltan^ment siir les deux lentinefl, sont ^gales entr'eUes. 

** Dins ie GSS oonjChdre on yoit (les traces on d'aoneanz r^fl^his on 
d'anneaux transtms, saiyint aue ]a lami^re qui forme les premiers, est 

lliis forte oa plus foiljle que W lu^iclre k laquelle on doit les seconds. . 

/'est dans ce sens senleMent que les anneaux color^s jouent un rdle 
da^ les mesores de la lumi^re aaxqnelles je me suis Htt^." 

{b.) C^anomelre, 
** Mon cyanom^tre est und extension de mon polariscope. Ce der- 
nier instrument, comme tu atais, se compose d^un tube ferm^ k Tune de 



ses extr^miteiB par uhe plaque de cristal de rocbe perpendicnlaire k 
J'axe, de 5 millimi^tr^s d ^^pafsseur; et d'nn prisme < 



, , J'iSpaisseur; et d'un prisme done de la double 

refraction, plao4 du cd't^ de I'lnil. Parmi les coulenrs varies que 
' donne cet appareil, lorsque de la lumi^re polarise le traverse, et quW 
&it toumeir He prisme sdr Iu!-in6me, se trouve par nn henreux hasard la 
nuance dn bl^ de ^iel. Cette couleur bleue fort affaiblie, c'est-ii-dire 
tr^s m^Tang^e de blanc lorsque la lumi^re est presque neutre, auff- 
mente d^hten8it^--progre88ivemeht, k mesure que les rayons qui pene- 
trent dans rinstrumenf, tenferment une plus grande proportion de ray- 
ons polarises. 

" Supposons done que le polarMQppe soit dirig^ sur one feuiUe de pa- 
pier blAnc; qu'ejQtre cette, feuille et la l»me de eristal de rocfae il ex- 
ute une pile de plaques de verre susceptible de changer d'inclinaison, 
CO qui rendra Ja lumi^re ^clairante du papier plus on moins poIaris^; 




cyanometrique, et qu^on regarde 
instrument* Xa mesure de cette teinte est donn^e par I'inclinaison de 
Ija pile.- Si cette demi^re partie de rinstrumeht se cpmpose du m^me 
nombre de plaques et d*une m^me espece de verre, les observations 
jfidtes dans cuyers Ueox.serontpaHaiteineQt comparables entr'elles." 

{a*) Photometric Meaturemen^, 

** There does not exist a photometer properly so caUed, that is to 
say, no instrument givins the intensity of an isolated light ; for Leslie's 
photometer, by means (h^ which he boldly supposed that he could com- 
pare the light of the moon with that of the sun, by their caloric actions, 
u utterly defective. I found, in &ct, that tins pretended photometer 
rose on being exposed to the light of die sun, that it ^11 when exposed 
to a moderate fire, and that it remained altogether stationary when 
brought near the light of an Arsand lamp. All that has hitherto been 
done has been to comx^re two Tights when contisuous to one another; 
but even this comparison can not be relied on unless the two lights be 
equalis^ed, the stronger beixig gradually reduced to the intensity of the 
feebler. For the purpose ofjudging of this inequality I employed col- 
ored rings. On placmg on one another two lenses of a great focal 
length, colored rings will be formed round their nemt of contact as 
much by means of reflection as of tnanmission. The colors of the re- 

VoL. III.— B 
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The 80-called relations of the magnitttde of the fixed starSy 
fuB given in our catalogues and maps of the stars, sometimes 
indicate as of simultaneous occurrence that which belongs to 
very different periods of cosmical alterations of light. The 
order of the letters which, since the beginning of the seven- 
teenth century, have, been added to the stars in the general: 
ly consulted Uranometria Bayeri, are not, as was long sup- 
posed, certain indications of these alterations of light. Arge- 
lander has ably shown that the relative brightness of the 
stars can not be inferred from the alphabetical order of the 
letters, and that Bayer was influenced in his choice of these 
letters by the form and direction of the constellations.* 

fleeted rings are complementaiy to those of the transmitted rings ; these 
two series of rings neutralize one another when the two lights by which 
they are formed, and which fall simultaneoosly on the two lenses, are 

" In the contrary case, we meet with traces of reflected or transmit- 
ted rings, according as the light by which the former are produced is 
stronger or &inter than that from which the latter are formed, tt is 
only m this manner that colored rings can be said to come into play in 
those photometric measurements to which I have directed my atten- 
tion." 

(6.) Cyanometer. 

** My cyanometer is an extension of my polariscope. This latter in- 
strument, as you know, "consists of a tube closed at one end b}r a plate 
of rock crystal, cut perpendicular to its'axis, and 5 millimetres in thick-' 
ness ; and of a double refracting prism placed near the part to which . 
the eye is applied. Among the varied colors yielded by tnis apparatus, 
when it is traversed by polarized light and the prism turns on itself, we 
fortunately find a shaae of azure. This blue, which is very faint, that 
is to say, mixed with a large quantity of white when the lignt is almost 
neutral, gradually increases in intensity in proportion to the quantity of 
{>olarized rays which enter the instrument. 

** Let us suppose the polariscope directed toward a sheet of white 
paper, and that between this paper and the plate of rock crystal there 
IS a pile of slass plates capable of being variously inclined, by which 
means the iUuminafing lisht of the paper would be more or less polar- 
ized; the blue color yielded by the mstrmnent will go on increasing 
with the inclination of the pile ; and the process must be continued un- 
til the color appears of the same intensity with the region of the atmos- 
phere whose cyanometrical tin^e is to be determined, and which is 
seen by the iiaked eye in the immediate vicinity of the instrument. 
The amount of diis color is given by the inclination of the pile ; and if 
this portion of tiie apparatus consist of the same number of plates formed 
of the same kind of glass, observations made at different places may 
readily be compared together." 

* Argelander, Defde Uranometrue Bayeri, 1842, p. 14-23. " In ea- 
dem clajsse littera prior majorem splendorem nuUo mode indicat" ($ 
.9), Bayer did «pt, therefore, show that the light of Castor was more 
intense m 1603 than that of FpUuz. 



Digitized by LjOOQ IC 



PHOTOBIfiTftlC ICALS. 9^ 



PHOTOMETBIC ABBAN6EUENT OF TH£ FIXED STARS. 

I close this section with a table takeu from Sir John Herschers On^ 
Unet of Astronomy f p. 645 and 646. I am indebted for the mode of ito 
arrangement, and for the following lacid exposition, to wj learned 
friend Dr. 6all#$ from whdse communication, aoidresaed to me in March, 
1850, I extract the snbjoined observations : ^ 

** The numbers of the pbotomebic scale in the Outlines of AMr&i^ 
amy have been obtained by adding throughoat 0*41 to the results adeit> 
lated from the vulgar scale. Sir John Herschel. arrived at these bvmv 
exact determinations by ob^rving their ** sequences'' of brightness, and 
by combining these observations with the average ordinary data of mag- 
mtudes, especially on those given in the catalogue of the Astronomical 
Society for the year 1827.. See Observ. at the Cape^ p. 304-352. The 
actual photometric measurements of several stars as obtained by the 
Astrometer {pp.cit., p. 353), have not been directly employed in this 
catalogue, but nave only served genetxdly to show the relation existing 
between the ordinary scale (of l8t,2d, 3d, &c., magniti^des) to the act- 
ual photometric quantities of individual stars. This comparison has 
Siven the singular result that our ordinary stellar magnimdes ( 1, 2, 3 . . .) . 
ecrease in aix>ut the same ratio as a star of the first magnitude when 
removed to Uie distances of 1, 2, 3 . . . by which its brightness, accord* 
ing^to photometric law, would attain the values 1, }th, }th, i^th . . . 
{Ohserv. at the Cape, p. 371, 372 ; Outlmes, p. 521, 522) ; in order, how- 
ever, to make this accordance still greater, it is only necessary to raise 
our previously adopted stellar magnitudes about half a magnitude (or, 
more accurately considered, 0*41), so that a star of the 2*00 magnitude 
would in future be called 2'41, and star of 2*50 would become 2*91, 
and so forth. Sir John Herschel therefore proposes that this *' photo- 
metric" (raised) scale shall in future be adopted (Obeerv. at the Cap€, 
p. 372, and OiUJLinee, p. 522)— a proposition in which we can not fail to 
concur ; for while, on th^ one hand, the difference from the vulgar scale 
would hardly be felt (Ob»erv. at the Cape, p. 372), the table in the Oiti- 
lines (p. 645) may, on the other hand, serve as a basis for stars down 
to the fourth magnitude. The determinations of the magnitudes of the 
stars according to the rule, that the brightness of the stars of the first, 
second, third, fourth magnitude is exactly as 1, J^th, ^th, -j^g-th ... as is 
now shown approximatively, is therefore already practicable. Sir John 
Herschel employs a Centauri as the standard star of the first magnitude 
for his photometric scale; and as the unit for the quantity of light (Ou^ 
Unes, p. 523 ; Observ. at the Cape, p. 372). If, therefore, we take the 
sGjuarc of a star's photometric magnitude, we obtain the inverse ratio 
or the quantity of its light to that of a Centauri. Thus, for instance, if 
K Orionis have a photometric magnitude of 3, it consequently has ^th 
of the lieht of a' Centauri. The number 3 would at the same time in- 
dicate that K Orionis is 3 times more distant from us than a Centauri, 
provided both stars be bodies of eqiial ma^itude and brightness. If 
another star, as, for instance, Sirius, which is four times as bright, were 
chosen as the unit of the photometric magnitudes indicating distances, 
the above conformity to law would not be so simple and easy of recog- 
nition. It is also worthy ofnotice, that the distance of a Centauri has 
Ibeen ascertained vrith some probability, and that this distance is the 
smallest of any yet determined. Sir John Herschel demonstrates ( Out" 
Un€s, p. 521) the inferiority of other scales to the photometric, which 
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prognueB in order of the sqaares, 1, {tb, |th, Xth ... He likewise 
treats of geometric progressions, as, for instance, l, ^, |th, |th, ... or 1, 

^d, ^th, ^ih The gradations employed by yourself in yonr «b- 

aenrationa mider tbe equator, daring your travels in Anserica, are j» 
nnged in a kind of arithmetical progroouon (Re^ueil tPOburv. Astran^ 
YoL, i., p. Ixzi., and Sobumacber's Astron. Naekr,, No. 374). These 
scales, however, correspond less closely than the photDmetnc scale of 
pfogression (by squares) with the Tulgar scide. In the IblioWing table 
the 190 t^ian bi^e been given from the OutHnet^ without reference to 
their declination, whether southern or northern, b^ng arranged solely 
in aooordaBco with their magnitades.^ 

JAai 9fl90 9tMi from Uie firtt io the itArd mttgnitmU, arranged aeemir 
ing to the detemunaHoiu tf Sir John Herself gimng the orditutrf 
fnagniimdee with greater aeearaey, and Ukewioathe magmtmdee in ««- 
corSoace tnik hu pfropoeed fikatom^ric cUi*tJ^Uatiim s 

Siu»8 or TBI First Maonitudk. 



Magnitute: 



Magnitude. 



10 

1<09 

11 

M7 

18 

1-2 

1-S8 

l-3d 



Strius 

Argias (Var.) . 

Canopos 

; Centauri 

Arctnnis 

Rigel ... 

Gapella 

Lyras 

Procyon . . . . , 



V«lg. 

O'OB 

0^ 

059^ 

077 

082 

I'O 

10 

10 



Fbot 

0-49 

0-70 

100 

118 

1% 

1-4 

14 

1-4 



a Ononis.... 
a Eridani . . . . 

Aldebaran , 
/3 Centauri.., 
a Grucjs 

Antares .. 
a Aquilfe .... 

Spksa ..... 



PbeC. 

1-48 

ISO 

14 

1-68 

1-6 

16 

169 

1-70 



Stabs of the Second Magnitudb. 



Maffiimda. 



Mfnitndfc 



Fomalbaut . 
P Crucis..... 

Pollux .... 

Regttlus ..» 

ja Gruis 

y Crucis .,.. 
je Orionia.... 
e Caaia ..... 
ii Scorpii ^,.. 
A Cygni^.... 

Castor ..... 
e Ur8»(Yar.) 
a UrsaB(Var.) 
.^ Orioais.... 
fi Argils..,.. 
a Persei....* 

y ArgQs 

■< Argfts 

I? Urs»(Var,) 
ry Ononis.,., 



Tu%. 

154 

167 

1-6 

1-6 

1-66 

1-73 

1-84 

1-86 

1-87 



Phot 

1-95 



a Triangaintr. 

1-98 e Sagittarii ... 

2 fi Tauri 

2 Polaris 

2 07 ^ Scorpii 

2 14 a Hydrae 

2 25 (J, Canis ^ -..-.. 

2-27 a Pavonis 

2-28 y Leonis ..... 

190 2-31 /3 Gruis 

I*94p2 35 a Arietis 

1-95 2 36 a Sagittarii... 

1-96 2-37 <J Argas. 

201 242 C Ursae 

2-03 2-44 p Andromedtt. 

2 07 2-48/? Ceti 

208 2-40 A Arg^s 

2-18 2 59 /? Aurig« . .... 
218|2 59 y AndrooMdc . 



Vulg. 

223 
2-26 
2-28 
228 
229 
230 
232 
233 
2-34 
236 
2-40 
241 
242 
243 
245 
2-46 
2 46 



Phot. 

264 
267 
2 69 
269 
270 
271 
273 
2-74 
275 
277 
281 
282 
2-83 
284 
286 
287 
287 
2-48;2-89 



250,201 
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Stab» o^ tun TMun» MAdNmmc. 



Mtwitfliie. 



y Caesiopeise . 
a Andromedee. 

6 Centaud...w 
a Gassiopeisg . 
/? Canis . . . . .^ . 
K. Ononis 

7 GemioorOUi . 
d Orionis 

Algol (Var.) . 

e Pegasi 

7 Dracoais ... 

^ Leonis 

a Ophiuchi ... 
j9 Cassiopeia . 

7 Cygni 

« Pegasi «.... 

|5 Pegasi 

7 Ceiitauri...^ 
a Coronas ..«• 
7 XJrsae. ...... 

e Scorpii 

C ArgOs 

p Urs©. ..-,,. 
a Phcenicis . . . 

I Argfis 

e Bootis 

a Lupi -..*.-. 

e CeDtauri 

9 Canis 

P Aquarii 

d Scorpii 

e Cygni 

Ophiuchi ... 

Corvi 

Cephei ..... 

Centauri 

Serpentis ... 

Leonis « 

Argus 

Corvi 

'0 Scorpii 

^ Centauri ... 
I Ophiuchi ... 

a Aquarii 

w ArgQs 

7 Aquiiae 

d Cassiopeiae . 

d Centauri 

a Leporis 

d Ophiuchi ... 



252 
254 
254 
257 
256 
59 
259 
2-61 
262 
262 
262 
263 
263 
263 
263 
265 
265 
268 
269 
2-71 
2-71 
2-72 
2-77 
2-78 
2-80 
280 
2-82 



Plmt. 

2-93 

295 

295 

298 

2-99^ 

300 

300 

3 02 ft 

3 oa (3 

303 

3 oa d 

304 

304 

304 

304 

306 a 

306 

309 

310 

312 

3-12 d 

313 

318 ^ 



319 
321 
3-21 
3-23 
2-82|3-23 
2-85326^ 
285326 
286827 
2-88329 
2^9330 
290331 
2-90331 
2 913-321/9 
292333 
294:3 35 (3 
2 94*3 35 
295336 
296337 
2-96337 
2-973-38 



2 97 3 38 
296339 
2 98 3-39 
299340 
2-99 3-40 
300341 
300341 



Sagittarii 

Bootis 

Draconis 

Ophiuchi .... 
Draconis .... 

Librae 

Virginis .^... 

Ar^us 

Arietis 

Pegasi 

Sagittarii 

Librae ........ 

Sagittarii 

Lupi 

Virginis 1 

Columbae .... 

Aurigae 

Heroulis 

Centauri .,.. 

Capricorni 

Corti 

Can. ven 

Ophiuchi .... 

Cygni....... 

Persei. ...... 

Taori 

Eridaoi 

Arg&s 

Hydri 

Persei 

HercuUs..... 
Corvi ...^.. . 

Aurige 

Urs. Min 

Pegasi 

Arae 

Toucani ..... 
Capricorni . . . 

Argus... 

Aquilae i. 

Cygni . 

Pfersei 

Ursae 

Triang. bor. .. 
Scorpii ...... 

Leporis 

Lupi 

Persei 

Ursae....*. 

Aurigae (Var.) 



Valg. 

301 
301 
302 
305 
306 
307 
306 
3-08 
3-09 
311 
311 
312 
313 
314 
314 
315 
317 
318 
320 
320 
322 
322 
323 
324 
326 
3-26 
3-26 
326 
327 
3-27 
3-28 
328 
329 
330 
331 
3-31 
332 
3-32 
332 
332 
3-33 
8-34 
335 
8-35 
335 
335 
3-36 
336 
336 
337 



Phot. 

342 
3-42 
343 
346 
347 
348 
349 
349 
350 
362 
362 
363 
354 
365 
355 
356 
358 
359 
361 
3-61 
363 
363 
364 
365 
367 
367 
367 
367 
368 
368 
369 
369 
370 
371 
372 
372 
3-73 
3-73 
373 
378 
3-74 
375 
3-76 
376 
3 76 
3 76 
377 
377 
377 
3-78 
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eOBMOfl. 



M«CBitu<te. 



Star. 

V ScoTpii 

t Ononis . . . . 

y Lyncis 

C Draconis «. 

a Arae 

9r Sagittarii .. 
IT Herculis . . . 
p Can. min. 1 . 
C Tauri 

6 Draconis .. 
ft Geminorum 

7 Bootis 

e Geminoram 

a Muscffi 

a Hydril .... 

T Scorpii 

S Herculis... 



Mi^tade. 



Volg. 

337 
337 
339 
340 
340 
3-40 
341 
341 
342 
3-48 
3-42 
343 
343 
343 
344 
344 
3 44 



PboC 

3-78 
3-78 
380 
3-81 
3-81 
3-81 
3-82 
3-82 
383 
383 
383 
3-84 
384 
384 
385 
385 
385 



8tiir. 

6 Geminorum . . 
p Orionis ..... 

/? Cephei 

T^Ursae. 

C Hydr» 

y Hydrae , 

(3 Triang. austr. 

I Ursae 

Tj Aarigae 

y Lyrae 

1/ Geminorum. 

y Cephei 

K Ursae 

e Cassiopeiae . 

^ Aquilae 

a Scorpii 

r ArgOs ...... 



Vulg. 

344 
3-45 
3-45 
345 
3-45 
3-46 
346 
346 
346 
347 
348 
3-48 
3-49 
349 
350 
350 
3-50 



385 

3 86 
386 
3-86 
386 
387 
3-87 
387 
387 
388 
389 
389 
390 
390 
391 
391 
391 



" The following short tahle of the photometric quantities 
of seventeen stars of the first magnitude (as obtained from 
the photometric scale of magnitudes) may not be devoid of 
interest :" 



Sinus .4-165 

ff Argfis 

Canopus 2041 

aCentauri 1000 

Arcturas .0*718 

Rigel... .0-661 

Capella 0*510 

aLyroB : . ...0-510 

Procyon .. .0-510 



a Orionis 0-489 

aEridani 0-444 

Aldebaran. . .0*444 

/JCentauri 0-401 

aCrucis 0-391 

Antares 0*391 

oAquilsB 0*350 

Spica 0*312 



" The following is the photometric quantity of stars strict- 
ly belonging to the Ist, 2d 6th magnitudes, in which 

the quantity of , the light of a Centauri is regarded as the 
unit :" 



Magnitude on 
fhe Yttlgar scale. 

100 
2*00 
3*00. 



Quantity 
oflight 
0*500 
0*172 

0*086 



Magnitude on 
tiifl Tulgar scale. 

4*00 
5*00 
6*00 



Quantity 
oflighJL 
0*051 

0*034 
0*024 
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III. 

MUMBER, DISTRIBUTION, AND COLOB OF TIIE FIXED STARS.— STEL- 
LAR MASSES (STELLAR SWARMS.)— THE MILKY WAY INTERSPERSED 
WITH A FEW NEBULOUS SPOTa 

We have already, in the first section of this fragmentary 
Astrognosy, drawn attention to a question first mooted by 
Olbers.* If the entire vault of heaven were covered with 
innumerable strata of stars, one behind the other, as with a 
wide-spread starry canopy, and light were undiminished in 
its passage through space^ the sun would be distinguishable 
only by its spots, the moon would appear as a dark disk, 
and amid the general blaze not a single constellation would 
be visible. During my sojourn in the Peruvian plains, be- 
tween the shores of the Pacific and the chain of the Andes, 
1 was vividly reminded of a state of the heavens which, 
though diametrically opposite in its cause to the one above 
referred to, constitutes an equally formidable obstacle to hu- 
man knowledge. A thick mist obscures the firmament in 
this region for a period of many months, during the season 
called el tiempo de la garua. Not a planet, not Ihe most 
brilliant stars of the southern hemisphere, neither Canopus, 
the Southern Cross, nor the feet of the Centaur, are visible. 
It is frequently almost impossible to distinguish the position 
of the moon.. If by chance the outline of the sun's disk bo 
visible during the day, it appears devoid of rays, as if seen 
through colored glasses, being generally of a yellowish red, 
sometimes of a white, and occasionally even of a bluish green 
color. The mariner, driven onward by the cold south cur- 
rents of the sea, is unable to recognize the shores, and in the 
absence of all observations of latitude, sails past the harbors 
which he desired to enter. A dipping needle alone could; 
as I have elsewhere shown, save him from this error, by the 
local direction of the magnetic curves,! 

Bouguer and his coadjutor, Don Jorge Juan, complained, 
long before me, of the " unastronomical sky of Peru." A 
graver consideration, associates itself with this stratum of 
vapors, in which there is neither thimder nor lightning, iu 
consequence of its incapacity for the transmission of light or 
electric charges, and above which the Cordilleras, free and 
cloudless, raise their elevated plateaux and snow-covered 

* Vide supra, p. 38, and note. 

t Cosmot, vol. i., p. 178, and note. * 
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summits. According to what modem geology has tanght us 
to conjecture regarding the ancient history of our atmosphere, 
its primitive condition, in respect to its mixture and density, 
must have been unfavorable to the transmission of hght. 
When we consider the nunterous processes which, iti the pri- 
mary world, may have led to the separation of the solids, 
fluids, and gases around the earth's surface, the thought in- 
voluntarily arises ho;w narrowly the human race escaped be- 
ing surrounded with an uhtransparent atmosphere, which, 
though perhaps not greatly prejudicial to some classes of 
vegetation, would yet have completely veiled the whole of 
the starry canopy. All knowledge of the structure of the 
universe would thus have been withheld from the inquiring 
spirit of man. Excepting our own globe, and perhaps the 
sun and the moon, nothing would have appeared to us to 
have been created. An isolated triad of stars — -the sun, the 
moon, and the earth — would have appeared the sole occu- 
pants of space. Deprived of a great, and, indeed, of the sub- 
limest portion of his ideas of the Cosmos, man woiild have 
been left without all those incitements which, for thousands 
of years, have incessantly impelled him to the solution of 
important problems, and have exercised so beneficial an in- 
fluence on the most brilliant progress made in the higher 
spheres of mathematical development of thought. Before 
we enter upon an enumeration of what has already been 
achieved, let us dwell for a moment, on the clanger from 
which the spiritual development of our race has escaped, and 
the physical impediments which would have formed an im- 
passable barrier to our progress. 

In considering the number of cosmical bodies which fill 
the celestial regions, three questions present themselves to 
our notice. How many fixed stars are visible to the naked 
eye ? How many of these have been gradually catalogued, 
and their places determined according to longitude >,nd lat- 
itude, or according to their right ascension and declination ? 
What is the number of stars from the first to the ninth and 
tenth magnitudes which have been seen in the heaV-ens by 
means of the telescope ? Thesie three questions may, from 
the materials of observation at present in our possession, 
be determined at least approximatively. Mere conjectures 
based on the gauging of the stars in certain portions of the 
Milky Way, difler from the preceding questions, and refer to 
the theoretical solution of the question : How many staTs 
might be distinguished throughout the whole heavens with 
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Henchers twenty-feet telescope, includifig; ike stellar light, 
'^ which is supposed to require 2000 years to reach our 
earth?"* ^ 

The numerical data -which I here publish in reference to 
this subject are chiefly obtained from the final results of my 
esteemed friend Ai;gelander, director of the Observatory at 
Bonn. I have requested the author <^the Durchmusterung 
des nordlichen Himmels {Survey of the Northern Heav- 
ens) to submit the previous results of star catalogues to a 
new and carefid examination. In the lowest class of stars 
visible to the naked eye, much uncertainty anses from or* 
ganic dijQerence in individual observations ; Stars between 
the sixth and seventh magnitude being frequently confound* 
ed with those strictly belonging to the former class. We 
obtain, by numerous combinations, £R>m 5000 to 5800 as the 
mean number of the stars throughout the whole heavens vis^ 
ible to the unaided eye. Argelanderf determines the distti^ 

* On the space-penetratiDg power of telescope*, lee Sir John Her> 
Bchel, OiOUneM of Attr,, ( 803. 

t I can not attempt to include in a note dU the grounds on which 
Argelander's views are based. It will suffice if I extract the following 
remarks from his own letters to me : y Some years since (1843) yoa 
recommended Captain Schwink to estimate from his Mappa CGelestifl 
the total number of stars from the first to the seventh magnitiide ior 
elusive, which the heavens appeared to contain ; his calculations ^ve 
12,1 48 stars for the sjpace betweep 30^ south and 90^ north dedination; 
and consequently, it we conjecture that the proportion of stars is the 
same from Z(P S. D. to the South Pole, we should have 16,300 stars of 
the above*named magnitudes throughout the whole firmament. This 
estimate seems to me to approximate very nearly to the truth. It is 
well known that, on considering the whole mass, we find each class 
contains about three times as many stars as the one preceding. (&truve, 
Catedogua Siellarum dupliciumt p. xxziv. ; Argelander, Boimer Zone»f 
s. xxvi.) I have given m my Vranomeiria 1441 stars of the sixth mag> 
nitude north of the equator, whence we should obtain aboot 3000 for 
the whole heavens; tais estimate does not, however, include the stans 
of the 6*7 nia£., which would be reckoned among those of the sixth, if 
only entire cuisses were admitted into the calculatbn. I think thsl 
number of the last-named stars might be assumed at 1000, according 
to the above rule, whidi would give 4000 stars for the silLth, and 12,000 
for the seven^, or 18,000 for the first to (he seventh inclusive. ^lom 
other considerations on the number of the stars of the seventh roagni« 
tude, as ^iven in my zones — ^namely, 2SS57 (p. xxvi.), and allowing for 
those which have been twice or oftener observed, and for those which 
have probably been overlooked, I approximated somewhat more nearly 
to the truth. By this method I found 2340 stars of the seventh magni- 
tude between 45^ and 80^ N. D., and, therefore, nearly 17,000 for the . 
whole heavens. . Struve, in his Deteripiion de VObservcUoire de PauU 
hiva, p. 268, gives 13,400 for the number of stars down to the sevent]| 
Biagnitude in the region of the heavens explored by him (ftom —159 

E 2 
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biition of the fixed stars according to difierence of magnitude, 
down to the ninth, in about the following proportion : 

to •\'9(P), whence we ihonld obtain 21,300 for the whole firmament 
Accordiug to the introdaction to Weiase's Catal, e Zonit RegiomofUo' 
nis, ded.f p. xxzii., Strove found in the zone extending from — 15^ to 
-f 15^ by the calcnlna of probabilitiea, 3903 atara from the first to the 
aeventh, and therefore 15,050 for the eiltire heavena. Thia number ia 
lower than mine, becauae Beuel eatimated the brighter atara nearly- 
half a magnitude lower than I did. We can here only arrive at a mean 
feauh, wtuch would be about 18,000 from the firat to thn aeventh mag- 
nitudea inclusive. Sir John Herschel, in the pasaage of the Outline* of 
Astronomy f p. 521, to which you allude, apeaks only of * the whole num- 
ber of atara already registered, down to the aeventh magnitude incln- 
aive, amounting to from 12,000 to 15,000.' As regards the fiiinter stars, 
fitrave finds within the above-named zone (from — 15^ to -|-15°), for 
the faint atars of the eighth magnitude, 10,557 ; for those of the ninth, 
37,739 ; and, consequently, 40,800 atars of the eighth, and 145,800 of the 
ninth magnitude for the whole heavens. Hence, according to Strove, 
we have, from the first to the ninth magnitude inclusive, 15,100-|- 
40,8004-145,800=201,700 stars. He obtained these numbei-s by a 
careful comparison of those zones or parta of zones which comprise the 
lamo regions of the heavens, deducing by the calculus of probabilities 
the number of stars actually present from the numbers of those com- 
mon to, or different in, each zone. - As the calculation wi^ made froqpi 
a very large number of stars^ it is deserving of great confidence. Bes- 
ael has enumerated about 61,000 different stars from the first to the 
ninth inclusive, in his collective zones between — 15° and -|-45°, after 
deducting such stars as have been repeatedly observed, together with 
those of the 9*10 magnitude; whence we may conclude, after taking 
into account such as have probably been overlooked, that this portion 
of the heavens contains about 101,500 atars of the above-named magni- 
tudes. My zones between -|-45° and -{-SOP contain about 22,000 stars 
( Durchmuetertmg dee nordl, HimmeUt s. xxv.), which would leave about 
19,000 after deducting 3000 for those belonging to the 9*10 magnitude. 
My zones are somewhifit richer than BessePs, and I do not think we can 
fairly assume a lar^r number than 2850 for the stara actually existing 
between their limito (;^-450 and +80°), whence we should obtain 
130,000 stars to the ninth magnitude inclusive, between — 15° and 
+80°. This space is, however, only 0*62181 of the whole heavens, 
and we therefore obtain 209,000 stara for the entire number, supposing 
an equal distribution to obtain throughout the whole firmament ; these 
numbers, again, closely approximate to Struve's estimate, and, indeed, 
not improbably exceed it to a considerable extent, since Strove reck- 
oned atars of the 9*10 magnitude among those of the ninth. The num- 
bers which, according to my view, may be assumed for the whole firm- 
ament, are therefore as follows : first mag., 20 ; second, 65 ; third, 190 ; 
fourth, 425; fifth, 1100; aixth, 3200; seventh, 13,000; eighth, 40,000; 
ninth, 142,000; and 200,000 for the entire number of stars from the 
first to the ninth magnitude inclusive. 

If you would contend that Lalande {Higt, alette^ p. iv.) has given 
the number of stara observed by himself with the naked eye at 6000, 1 
would aimply remark that this estinrnte contains very many that have 
been repeatedly observed, and that after dednctms these, we obtain 
only about 3800 ^tara for the portion of the heavena between —26° W 
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latMag. 12dM«g. 3dMpi«. 4th BCag. SOxUkg, 

20 65 190 425 1100 

ethMag. 7th Mag. 8th Mag. 9th Mag. 

3200 13,000 40,000 142,000 
The number of stars distinctly visible to the naked eye 
(amounting in the horizon of Berlin to 4022, and in that of 
Alexandria to 4638) appears at first sight strikingly small.*" 
|If yre assume the moon's mean semi-diameter at 15' 33'''5, 
it would require 195^291 surfaces of the fuU moon to cover 
the whole heavens. If we further assume that the stars are 
uniformly distributed, and reckon in round numbers 200,000 
stars from the first to the ninth magnitude, we shall have 
nearly a single star for each full-moon surface. This result 
explains why, also, at any given latitude, the moon does not 
more frequently conceal stars visible to the naked eye. If the 
calculation of occultations of the stars were, extended to those 
of the ninth magnitude, a stellar eclipse would, according to 
GaUe, occur on an average every 44' 30", for in this period 
the moon traverses a portion of the heavens equal in extent 
to its own surface. It is singular that Pliny, who was un- 
doubtedly acquainted with Hipparchus's catalogue of stars, 

and -|-90^ obsenred by Lalande* As this space is 0-7331 of the whole 
heavens, we should a^in have for this zone 5255 stars visible to tho 
naked eye. An examination of Bode's Uranography (containing 17,240 
stars), which is composed of the most heterogeneous elements, does not 
give more than 5600 staris from the first to the sixth magnitude inclusive, 
after deducting the nebulous spots and smaller stars, as well as those 
of the 6'7tb magnitude, which nave been raised to the sixth. A simi- 
lar estimate of tne stars registered by La Caille between the south pole 
and the tropic of Capricorn, and varying from the first to the sixth mag- 
nitude, presents for the whole heavens two limits of 3960 and 5900, and 
thus confirms the mean result already given by yourself. You will 
perceive that I have endeavored to fulfiU your wish for a more thor- 
ongh investigation of these numbers, and I may further observe that M. 
Heis, of Aix-la-Chapelle, has for many years been engaged in a veiy 
careful revision of my Uranometrie* From the portions of this work 
already complete, and from the great additions made to it by an observ- 
er gifted with keener sight than myself, I fmd 2836 stars from the fkst 
to the sixth magnitude inclusive for the northern hemisphere, and there- 
fore, on the presupposition of equal distribution, 5672 as the mimber 
of stars visible througlM>ut the whole firmament to the keenest onaided 
vision." {From the ManugcripU ofProfestor Argelandett March, 1850.) 
* Schubert reckons the number of stars, from the first to the sixth 
magnitude, at 7000 for the whole heavens (which closely approximates 
to tne calculation made by^myself in Cosmos, vol. i., p. 150), and up- 
ward of 5000 for the horizon of Paris, He gives 70,000 for the whole 
sphere, including stars of the ninth magnitude. {Astronomie, th. iii., s. 
54.) These numbers are all much too high. Argelander finds only 
58,000 from the first* to the eighth roagnituae. 
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and who comments on his holdness in attempting, as it were, 
** to leave heaven as a heritage to posterity," should have 
enumerated only 1600 stars visible in the fine sky of Italy I* 
In this enumeration he had, however, descended to stars of 
the fifth, while half a century later Ptolemy indicated only 
1025 stars down to the sixth magnitude. 

Since it has ceased to be the custom io class the fixed stars 
merely according to the constellations to which they belong, 
and they have been catalogued according to determinations 
of placet that is, in their relations to the great circles of the 
equator or the ecliptic, the extension as well as the accuracy 
of star catalogues has advanced -^th the progi^sii of science 
and the improved constnictibjii of instruments . Ko catalogues 
of the stars compiled by Timocharis and Aristyllus (283 B.C.) 
have reached us ; but although, as Hipparchus' remarks in 
the fragment " on the length of liie year," cited in the sev- 
enth book of the Almagest (cap. 3, p. xv., Halnia), tfteir ob- 
servations were conducted in a very rough mannisit {ndw 
dkoa^epci^)y there can be no doubt that they both determ- 
ined the declination of many stars, and that diese determin- 
ations preceded by nearly a century and a half the table of 
fixed stars compiled by Hipparchus. This astronomer is said 
to have been incited by the phenomenon of a new star to 
attempt a survey of the whole JGlrmament, and endeavor to 
determine the- position of the stars ; but the truth of this> 
statement rests solely on Pliny's testimony, ftnd has often 
been regarded as the mere echo of a subsequently invented 
tradition.f It does indeed seem remarkable that Ptolemy 
diould not ihefer to the circumstance, btit yet it must be &d- 
liaitted that the sudden appearance of a brightly luminous 

* ** Patrocinatar vastitas coeli, imnjeafla diioreta ahitodiiie, in duo etr 
aae Beptaaginta signa. Haec iant reram et animantmni effigies, in qoas 
aigesaere ccelam periti.. In hia qnidem niiUe texcentas adnotavere atel- 
las, iusignes videlicet efiectuvisnye'' .... Plin.,ii.,41. **Hipparcfai» 
nunquam satis laudatus, at quo nemo magia approbavetit oognationem 
cam homine siderum animaBC[ae nostras partem esse eosli, iiovism stel- 
lam et aliam in sevo suo genitam deprefaendit, ejoMt^e mota, qoa die 
fulsit, ad dubitationem est jsddactas, anne hoc s^piiis fieret teovereti- 
torque et em qaas putamoa Hffixas ; itemqne aasns rem etiam Deo im- 
probam, adnamerare posterisatellas ao sidera «4 nomen expnhgere, oiw 
ganis exco^tatis, per qnie singularam Ibca atque magnitadines signaret, 
ut facile discemi posset ex eo, non modb an obirent nascerentanre, sed 
an omnino aliqua transirent moverentarve, item an creseer^nt minne* 
rentarque, cdalo in hereditate tuuctis relicto, si qaisqiiam qui oretionem 
earn caperet inventctt esset."<-*Ptin., ii., t6, 

t Delambre, Hiti. de VAOr.Anc., torn. i.> p. 390| and Hitt. de VMn 
Jlfo<{., torn, ii.yp. 186. 
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stax in Casnopeia (Noveiiiber, 1572) led Tyeho Brabe to 

compose his catalogue of the stars. According to an ingen* 
ious conjecture of ^r John Herschel,*" the star referred to by 
Pliny may have been the new star which appeared in Scorpio 
in the month of July of the year 134 before our era (as we 
leain firom the Chinese Annals of the reign of Wou-ti, of the 
Han dynasty). Its appearance occurred exactly six years 
before the epoch at which, according to Ideler's investiga- 
tions, Hipparchus compiled his catalogue of the stars. Ed- 
ward Biot, whose early death proved so great a loss to science, 
found a record of this celestial phenomenon in the celebra- 
ted collection of Ma-tuan-lin, which contains an account of 
all the comets and remarkable stars observed between the 
years B.C. 613 and A.D. 1222. 

The tripartite didactic poem of Aratns,t to whom we are 
indebted for the only remnant of the works of Hipparchus 
that has come down to us, was composed about the period of 
Eratosthenes, 'fimocharis, and Aristylhis. The astronomical 
non-meteorological portion of the poem is based on the tira^ 
nography of Eudoxus of Cnidos. The catalogue compiled by 
Hipparchus is unfortunately not extant ; but, accoiding to 
Ideler,^ it probably constituted the principal part of his work, 
cited by Suidas, ** On the arrangement of the region of the 
fixed stars and the celestial bodies,'' and contained 1080 de- 
terminations of position for the year B.C. 128. In Hippar- 
chus's other Commentary On Aratus, the positions of the stars, 
which are determined more by equatorial armilks than by 
the astrolabe, are referred to the equator by right ascension 
and declination ; while in Ptolemy's catalogue of stars, which 
is supposed to have been entirely copied from that of Hip- 
parchus, and which gives 1025 stars, together with five so- 
called nebul», they are refbrred by longitudes and latitudes 

* Oiaiinei, f 831 ; Edward Biot, Sur let Etoiles J^xtraordimnret db* 
aervUn en CkinCf in the Cewnainanee dee temp* ffour 1846. 

t it is worthy of remark that Aratos was meatioaed with aj^proba- 
tion altnost nmiiltaiieottsly by Ovid (Amor,, i,, 15) aad by the Apostle 
Paal at Athens, in an earnest discourse directed against the Epicureans 
and Stoics. Paul (AetSf cb. zvii., t. ^8), althoag^ he does not mention 
Arattis by name, undbnbtedly refers to a verse composed by him (P4icn>., 
V. 5) on the close commamon of mortals with the Deity. 

t Ideler, Unlereuehungen tU^er den Ureprungder Btemnamen, s. xzx.- 
zlULV. ' Baily,in the Mem, ofiKeAttron, 8oc., vol. tiii., 1843, p. 12 and 
15, also treats of the years according to our era, to which we most refer 
the observations of Aristyllus, as well as llie catalogues of the atBrs com- 
piled by Hipparchus (128, imd not 140, B.O.) and by Ptoteniy (138 



Digitized by LjOOQIC 



1 10 COSMOS. 

to the eclijytic.* On comparing the nnmher of fixed stars in 
the Hipparcho-Ptolemaic Catalogue, Almagest, ed. Halma, 
t. ii., p- 63 (namely, for the first mag., 15 stars ; second, 45 ; 
third, 208 ; fourth, 474; fifth, 217 ; sixth, 49), with the 
numhers of Argelander as already given, we find, as might 
be expected, a great paucity of stars of the fifth and sixth 
magnitudes, and also an extraordinarily large number of 
those belonging to the third and fourth. The vagueness in 
the deteraunations of the intensity of light in ancient^ and 
modem times renders direct comparisons of magnitude ex- 
tremely uncertain. 

Although the so-called Ptolemaic catalogue of the fixed 
stars enumerated only one fourth of those visible to the naked 
eye at Rhodes and Alexandria, and, owing to erroneous re- 
ductions of the precession of the equinoxes, determined their 
positions as if they had been observed in the year 63 of our 
era, yet, throughout the sixteen hundred years immediately 
following this period, we have only three original catalogues 
of stars, perfect for their tim6 ; that of Ulugh Beg (1437), 

* Compare Delambre, HisU 4e TAstr, Ane., torn, i., p. 1.84 ; torn, ii., 
p. 260. The assertion that Hipparchus, in addition to the ri^ht ascen- 
sion and declination of the stars, also indicated their positions in his 
catalogue, accordins to longitude and latitude, as was done by Ptolemy, 
IS wholly devoid of probability and in direct variance with the ^/mo- 
ge$t, book vii., cap. 4, where this reference to the ecliptic is noticed as 
something new, by which the knowledge of the motions of the fixed 
stars round the pole of the ecliptic m&y be facilitated. The table of 
stars with the longitudes attached, which Petrus Victerius found in a 
Medicean Codex, and published with the life of Aratus at Florence in 
1567, is indeed ascribed by him to Hipparchus, but without any proof. 
It appears to be a mere rescript of Ptolemy's catalogue from an old 
manuscript of the Almagest, and does not give the latitudes. As Ptole- 
my was imperfectly acquainted with the amotmt of the retrogression of 
the equinoctial ^d solstitial points {Almag,, vii., c. 2, p. 13, Halma), 
and assumed it about -^^ too slow, the catalogue which he determined 
for the besinnin^ of the reign of Antoninus (Ideler,o;9. cU., s. xxxiv.) 
indicates the positions of the stars at a much earlier epoch (for the year 
63 A.D.). (Regarding the improvements for reducing stars to the time 
of Hipparchus, see the observations and tables as given by Eincke in 
Schumacher's AUron, Naeht., No. 608, s. 113-126.) The earlier epoch 
to which Ptolemy unconsciously reduced the stars in his catalogue cor- 
responds tolerably well with tiie period to which we may refer the 
Pseudo-Eratosthenian Catasterisms, which, as 1 have already elsewhere 
observed, are more recent than the time of H^ginus, who lived in the 
Augustine age, but appear to be taken from him, and have no connec- 
tion with the poem ot Hermes by the true Eratosthenes, (^ratodkeni- 
ca, ed. Bemhardy,^ 1822, p. 114, 116, 129.) These Pseudo^Eratosthe- 
Qian Catasterisms contain, moreover, scarcely 700 individual stars dis- 
tributed among the mythical constellations. 
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that of Tycho Brahe (1600), and that of Hevelius (1660). 
During the short intervals of repose which, amid tumultuous 
revolutions and devastations of war, occurred between the 
ninth and fifteenth centuries, practical astronomy, under 
Arabs, Persians, and Moguls (from Al-Mamun, the son of the 
great Haroun Al-Raschid, to the Timurite, Mohammed Tar* 
aghi Ulugh Beg, the son of Shah Rokh), attained an emi- 
nence till then unknown. The astronomical tables of Ebn* 
Junis (1007), called the Hakemitic tables, in honor of the 
Fatimite calif, Aziz Ben-Hakem Biamrilla, afibrd evidence, 
as do also the Ilkhanic tables*" of Nassir-Eddin Tusi (who 
founded the great observatory at Meragha, near Tauris, 1259), 
of the advanced knowledge of the planetary motions — the 
improved condition of measuring instruments, and the mul- 
tiplication of more accurate methods;difiering from those em- 
ployed by Ptolemy. In addition to clepsydras,t pendulum- 
oscillationst were already at this period employed in the 
measurement of time. 

The Arabs had^ the great merit of showing how tables 
might be gradually amended by a comparison with observa- 
tions. Ulugh Beg's catalogue of the stars, originally written 
in Persian, was entirely completed from original observations 
made in the Grymnasium at Samarcand, with the exception 
of a portion of the southern stars enumerated by Ptolemy, i 

* Cosmos, vol. ii., p. 222, 223. The Paris Library contains a mann- 
■cript of the nkhanic Tables by the hand of the son of Nassir-Eddin. 
They derive their name from the title " Ukhan," assumed by the Tar- 
tar princes who held rule in Persia.— Reinaud, Introd, de la Oiogr. 
d'Ainndfida, 1848, p. cxxxiz. 

t [For an account of clepsydras, see BeckmaniCs Inventions f vol. i., 
341, ei seq. (Bohn's edition). J— £a. 

'X S^dillot fils, ProUgomines des Tables Astr. d^Oloug-Beg, 1847, p. 
cxxxiv., note 2. Delambre, H%st» de VAstr, du Moyen Age, p. 8. 

$ In my investigations on the relative vahie of astronomical detemi- 
inations of position in Central Asia (Asie CentrcUe, t. iii., p. 581-^96), I 
have given the latitudes of Samarcand and Bokhara according to the 
different Arabic and Persian MSS. contained in the Paris Library. I 
have shown that the former is probably more than 39*^ 52^, while most 
of the best manuscripts of Ulugh Beg give 39^^ 37', and the Kitab aU 
athual of Al&res, and the Kanum of Albyruni, give 40^. I would again 
draw attention to the importance, in a geographical no less than an as- 
tronomical point of view, of determining the longitude and latitude of 
Samarcand by new and trustworthy observations. Bumes's Travels 
have .made us acquainted with the latitude of Bokhara, as obtained from 
observations of culmination of stars, which gave 39^ 43' 41''. There is, 
therefore, only an error of from 7 to 8 minutes in the two fine Persian 
and Arabic MSS. (Nos. 164 and 2460) of the Paris Libraiy. Major Ren- 
neU, whose combinations are generally so successful, made jan error of 



Digitized by LjOOQ IC 



lis COMOS. 

and not ymUe in 39'' 62f lat. (?) It oontains only 1019 
positions of stan, which aie reduced to the year 1437. A 
subsequent conunentary gives 300 other stars, observed by 
Abu-Bekri Altizini in 1533. Thus we pass £rom Arabs, Per- 
sians, and Moguls, to the great epoch of Copernicus, and 
nearly to that of Tycho Brahe. 

The extension of navigation in the tropical seas, and in 
high southern latitudes, has, since the beginning of the six- 
teenth century, exerted a powerful influence on the gradual 
extension of our knowledge of the firmament, though in a 
less degree than that effected a century later by the appli- 
cation of the telescope. Both were the means of revesding 
new and unknown regions of space. I have already, in other 
works, considered* the reports circulated first by Americus 
Vespuoius, then by Magellan, and Figafetta (the companion 
oi Magellan and Elcano), concerning the splendor of the 
southern sky, and the descriptions given by Vicente Yanez 
Pinzon and Aoosta of the black patches (coal-sacks), and by 
Anghiera and Andrea Corsali of the Magellanic <douds. A 
merely sensuous contemplation of the aspect of the heavens 
here also preceded measuring astronomy. The richness of 
the firmament near the southern pole, which, as is well 
known, is, on the contrary, peculiarly deficient in stars, was 
so much exaggerated that the intelligent Polyhistor Cardanus 
indicated in this region 10,000 bright stars which were said 
to have been seen by Vespuoius with the naked eye.f 

Friedirich Houtman and Petrus Theodori of Embden (who, 
according to Olbers, is the same person as.Dircksz Keyser) 
now first appeared as zealous observers. They measured 
distances of stars at Java and Sumatra ; and at this period 
the most southern stars were fi^st marked upon the celestial 
maps of Bartsch, Hondius, and Bayer, and by Kepler's in- 
dustry were inserted in Tycho Brahe's Eudolphine tables. 

Scarcely half a century had elapsed from the time of Mar 
gellan*8 circumnavigation of the globe before Tycho com- 
menced his admirable observations on the positions of the 
fixed stars, which far exceeded in exactness all that had 
hitherto been done in practical astronomy, not excepting even 

about 19' in detenniaing the latitude of Bokhara. (Humboldt, A»ie 
Centrales t iii., p. 592, iwd S^diUot, in the ProUgominc* tfOloug-Beg, 
p. cxxiii.-cxxv.) 

* Co$mo*, vol. ii., p. 285-290; Humboldt, Exatiun CrU, de VHigtoht 
d» ia Giogr,, t. iv., p. 321-336 ; t v., p. 22&-238. 

t CardafU ParaUp^mcnon, lib. viii.* cap. 10. (Qfv.» t. ix., ed. Lagd«, 
1663, p. 508.) 
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ike laBorionk obsenrations of the LandgraTe William lY. at 
Oassel. Tycho Brahe's catalogue, as revised and published 
by Kepler, contains no niore than 1000 stars, of which one 
fourth at most Belong to the sixth magnitude. This cata- 
logue, and that of fier^us, which was less frequently em- 
ployed, and contained 1564 determinations of position for the 
year 1660, were the last whidh were made by the unaided 
eye, owing their compilation in tiiis manner to the capricious 
disinclination of the Dantzig astnoiomer to apply the telescope 
to purposes of measurement. 

This combination of the teleiMsope with measuring instru- 
ments— -the union of telesoopio vision and measurements—- 
at length enabled astronomers to determine the position of 
stars li^low the sixth magnitude, and more espeoiaUv between 
the seventh and the twelfth. The regioii of the fixed stars 
might now, for the first time, be said to be brought within 
the reach of observers. Enum^ations of the fainter tele- 
scopic stars, and determinations of their position, have not 
only yielded the advantage of making a laiger portion of the 
regions of space known to us by the extension of the sphere 
of observation, but they have abo ^what is still more import- 
ant) indirectly exerciseid an essential influence on our knowl- ' 
ed^e of the structure and configuration of the universe, on 
the discovery of new planets, and on the more rapid determ- 
ination of their orbitis. When William Herschel conceived 
the happy idea of, as it were, casting a sounding line in the 
depths of space, and of counting during his gaugings the stars 
which passed through the field of his great telescope,* at 
different distances from the Milky Way, the law was discov- 
ered that the number of stars increased in proportion to their 
vicinity .to the Milky Way — a law which gave rise to the 
idea of the existence of large concentric rings filled with 
millions of starri which coaistitute the many-cleft Gralaxy. 
The knowledge of the number and the relative position of 
the faintest stars facilitateis (ad was proved by Galleys rapid 
and felicitous discovery of Neptune, and by that of several 
of the smaller planets) the recognition of planetary cosmical 
bodiei^ which change their positions!, moving, as it were, be- 
tween fixed boundaries. Another circumstance proves even 
more distinctly the importance of very complete catalogues 
of the stars. If a new planet be once discovered in the 
vault of heaven, its notification in an older catalogue of po- 

♦ Ca$mo8, vol. L, p. 87-89. 
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ntions will materially facilitate the di£Seiiit ealculatioiL of 
its orbit. The indication oi a new star which has subse* 
quently been lost sight of, frequently affords us more assist- 
anee than, considering the slowness of its motion, we can 
hope to gain by the most careful measurements of its course 
through many successive years. Thus the star numbered 9 64 
in the catalogue of Tobias Mayer has proved of great im* 
portance for the determination of Uranus, and the star num- 
bered 26,266 in Lalande's catalogue'**' for that of T^eptune. 
Uranus, before it was recognized as a planet, had, as is now 
well known, been observed twenty-one times ; once, as al- 
ready stated, by Tobias Mayer, seven times by Flamstead, 
once by Bradley, and twelve times by Le Monnier. It may 
be said that our increasing hope of ^ture discoveries of plan- 
etary bodies rests partly on the perfection of our telescopes 
(Hebe, at the time of its discovery in July, 1847, was a star 
of the 8& magnitude, while in May, 1849, it was only of the 
eleventh magnitude), and partly, and perhaps more, on the 
completeness of our star catalogues, and on the exactness 
of our observers^ 

The first catalogue of the stars which appeared after the 
epoch when Morin and Gascoigne taught us to combine tele- 
scopes with measuring instruments, was that of the southern 
stars compiled by Halley. It was the result of a short resi- 
dence at St. Helena in the years 1677 and 1678, but, singu- 
larly enough, does not contain any determinations below the 
sixth magnitude.! Flamstead had, indeed, begun his great 
Star Atlas at an earher period ; bdt the work of this cele- 
brated observer did not appear till 1712. It was succeeded 
by Bradley*s observations (from 1750 to 1762V which led to 
the discovery of al^erration and nutation, and nave been ren- 
dered celebrated by the Fundamenta Astronomia of our 
countryman Bessel (1818),$ and by the stellar catalogues of 

* Baily« Cat, of those stars in the "Hisioire Cileste** of Jerome de 
Lalande,for lohich tables of reduction to the epoch 1800 have been pub- 
lished by Prof Schumaehert 1847, p. 1195. Oa what we owe to the 
perfection of star catalogaee, see the remarks of Sir John Herschel in 
Cat, of the British Atsoe,, 1845, p. 4, $ 10. Con^pare also on stars that 
have disappeared, Schumacher, Attr. Naehr., No. 624, and Bode, Jahrb, 
fur 1817, s. 249. 

t Memoirs of the Royal Astron. 8oe., vol. xiii., 1843, p. 33 and 163. 

X Bessel, Fundamenta Astronomut pro anno 1755, deducta ex obterva^ 
tionibus viri ineomparabUig Jamei Bradley in Specula cutronomiea Ore: 
novieeniif 1818. Compare also Bessel, Tabula Regionumtana reduction 
num observationum astronamicarum ab anno 1750 usque ctd annum 1850 
eomputata {IS30). 
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La Caille, Tobias Mayer, Cagiioli, Fiazzi, Zach, Pond, Taylor, 
Grroombiidge, Argelander, Airy, Brisbane, and Riimker. 

We here only allude to those works which enmnerate a 
great and important part* of the stars of the seventh to the 
tenth magnitude which occupy the realms of space. The 
catalogue known under the name of Jerome de Lalande's, 
but which is, however, solely based on observations made by 
his nephew, Fran9oi8 de Lalande, and by Burckhardt between 
the years 1789 and 1800, has only recently been duly appre- 
ciated. After having been carefuUy revised by Francis Baily, 
under the direction of the *' British Association for the Ad- 
vancement of Science" (in 1847), it now contains 47,390 
stars, many of which are of the ninth, and some even below 
that magmtude. Harding, the discoverer of Juno, catalogued 
above 50,000 stars in twenty-seven maps. BesseFs great 
work on the exploration of the celestial zones, which comprises 
75,000 observations (made in the years 1825-1833 between 
— 15*^ and +45° declination), has been continued from 1841 
to 1844 with the most praiseworthy care, as far as +80^ 
decl., by Argelander at Bonn. Weisse of Cracow, under the 
auspices of the Academy of St. Petersburgh, has reduced 
31,895 stars for the year 1825 (of which 19,738 belonged to 
the ninth magnitude) from Bessel's zones, between — 15° and 
+ 15° decl. ;t and Argelander's exploration of the northern 
heavens from +45° to +80° decl. contains about 22,000 
well-determined positions of stars. 

* I here compress into a note the numerical data taken from star cat- 
alogues, containing lesser masses and a smaller number of positioas, 
with the names of the observers, and the numb«: of positions attached : 
La Caille, in scarceljr ten months, daring the years 1751 and 1752, with 
instraments magnifying only eight times, observed 9766 southern stars, 
to the seventh magnitude mclusive, which were reduced to the year 
1750 by Henderson ; Tobias Mayer, 998 stars to 1756 ; Flamsteeul, orig- 
inally only 2866, to which 564 were added by Baily 's care (Afem. of the 
Astr. Soe.f vol. iv., p. 1291-64); Bradley, 3222, reduced by Bessel to 
the ye^r 1755 ; Pond, 1112 ; Piazzi, 7646 to 1800; Groombridge, 4243, 
mostly circumpolar stars, to 1810 ; Sir Thomas Brisbane, and KOmker, 
7385 stars, observed in New Holland in the years 1822-1828 ; Airy, 2156 
■tars, reduced to the year 1845 ; Bflmker, 12,000 on the Hamburg hori- 
zon; Argelander (Cat. of Abo), 560; Taylor (Madras), 11,015. The 
British Association Catalogue of Stars (1845)? drawn up under Baily's 
superintendence, contains 8377 stars m>m the first to 7i magnitudes." 
For the southern stars we have the rich catalogues of Henderson, Fal- 
lows, Maclear, and Johnson at St. Helena. 

t Weisse, Pontionea media gteUctrum fixarum in Zonit RegiomofUani^ 
a BeisOio inter — 15^ et -4-15^ decl. 6b§erv€Uar%tm ad tmnum 1825 re- 
iMCta (1846); .with an important Prefiuse by Strave. 
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I caa not, I think, make more honoraUe mention of the 
great work of the star maps of the Berlin Adademy than by 
quoting the words used by Encke in reference to this un- 
dertaknig, in his oration to the memory of Bessel : '' With 
the completeness of catalogues is connected the hope that, 
by a eareful compaxison of the diifoent aspects of the heav- 
ens with those stars which have been noted as fixed points, 
we may be enabled to discover all moving celestial bodies, 
whose change of position can scarcely, owing to the faint- 
ness of their light, be noted by the unaided eye, and that 
we may in this mannet complete our knowledge of the so- 
lar system. While Harding's adnnraUe atlas gives a per- 
fect representation of the starry heavens — -as fax as Lalande's 
Histoire CSleste, on which it is founded, was capable of af- 
fording such a pictue-— Bessel, in 1824, after the comple- 
tion of the first main section of his zones, sketched a plan 
for grounding on ^lis basis a more special representation of 
the starry firmament, his object being not simply to exhibit 
what had been already observed, but hkewise to enable as- 
tronomers, by the con^leteness of his tables, at once to rec- 
ognize every new celestial phenomenoii. Although the star 
maps of the Berlin Academy of Sciences, sketched in ac- 
cordance with Bessel's plan, me^ not have wh<^y completed 
the first propdiied cycle, they have nevertheless contributed 
in a remarkable degree to the discovery of new planets, since 
. they have been the principal, if not the sole means, to which, 
at the present time (1850), we owe the recognition of seven 
new planetary bodies."* Of the twenty-four maps designed 
to represent that portion of the heavens which extends 15° 
on either side of the equator, our Academy has already con- 
tributed sixteen. These contain, as far as possiUe, all stars 
down to the ninth magnitude, and many of the tenth. 

The present would seem a fitting place to refer to the 
average estimates iVhich have been hazarded on the num- 
ber of stars throughout the whole heavens, visible to us by 
the aid of our colossal spaoe-penetrating telescopes. Struve 
assumes for HerscheFs twenty-feet reflector, which was em- 
ployed in making the cdebrated star-gauges or sweeps, that 
a magnifying power of 180 would give 5,800,000 for the 
number of stars lying within the zones extending 30° on ei- 
ther side of the equator, and 20,374,000 for the whole heav- 
ens. Sir William Herschel conjectured that ei^teen mill- 

* Enoke, 0€iA ckfnin r t d€ mtf Be$$el, s. 13. 
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ioDB of sfofs in the Milky Way might be seen by his still 
more powerful forty-feet reilecliBff telescope.^ 

After a eareful eoBsideration of all the fixed <taxs, wheth- 
er risible to the naked eye or merely telescopic, whose po- 
sitions are determined, and whi<^ are recorded in 4>atak)gues, 
we turn to their distribution and grouping in ihe vault of 
heaven. 

As we have already observed, these stellar bodies, from 
the inconsiderable and exceedingly slow (real and apparent) 
change of position exhibited by some of them — ^partly owing 
to precession and to the difierent influences of the progression 
of our solar system, and partly to their own proper motion- 
may be regarded as landmarks in the boundless regions of 
space, enabling the attentive observer to distinguish all bod- 
ies that move among them with a greater velocity or in an 
opposite direction*— consequently, all which are allied to tel- 
escopic comets and planets. The first and predominating 
interest excited by the contemplatio|i of the heavens is di- - 
rected to the fixed stars, owing to the multiplicity and over- 
whelming mass of these cosmical bodies ; and it is by them 
that our highest feelings of admiration are called forth. 
The orbits of the planetary bodies appeal rather to inquiring 
reason, and, by presenting to it complicated problems, tend 
to promote the development of thought in relation to astron- 
omy. 

Amid the innumerable multitude of great and small stars,^ 
which seem scattered, as it were by chance, throughout the 
vault of heaven, even the rudest nations separate single 
(and almost invariably the same) groups, among which cer- 
tain bright stars catch the observer's eye, either by their 
proximity to each oliier, their juxtaposition, or, in some cases, 
by a kind of isolation. This fact has been confirmed by re- 
cent and careful examinations of several of the languages of 
so-called savage tribes. Such groups excite a vagpie sense 
of the mutual relation of parts, and have thus led to their 
receiving names, which, although varying among different 
races, were generally derived from organic terrestrial ob- 
jects. Amid the forms with which fancy animated the 
waste and silent vault of heaven, the earliest groups thus 
distinguished were the seven-starred Pleiades, the seven stars 
of the Great Bear, subsequently (on account of the repetition 
of the same form) the constellation of the Lesser Bear, the 

* Compare Strave, jptudet d\Asir. SteOaire, 1847, p. 66 and 72 ; Co«* 
iKflt, Yol. 1., p. 150 ; and Mfidler, AHr., 4te Aafl., $ 417. 
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belt of Orion (Jacob's staff)) Osssiopeia, the Swan, the Soot- 
pion, the Southern Cross (owing to the striking difference 
in its direction before and after its culmination), the South- 
em Crown, the Feet of the Centaur (the Twins, afi it were, 
of the Southern hemisphere), &c. 

Wherever steppes, grassy plains, or sandy wastes present 
a far-extended horizon, those constellations whose rising or 
setting corresponds with the busy seasons and requirements 
of pastoral and agricultural life have become the subject of 
attentive consideration, and have gradually led to a symbol- 
izing connection of ideas. Men thus became familiarized 
with the aspect of the heavens before the development of 
measuring astronomy. They soon perceived that besides 
the daily movement from east to west, which is c6mmon to 
all celestial bodies, the sun has a far slower proper motion in 
an opposite direction. The stars which shine in the even- 
ing sky sink lower every day, until at length they are wholly 
lost amid the rays of the setting sun ; while, on the other 
hand, those stars which were shining in the morning sky 
before the rising of the sun, recede further and further from 
it< In the ever-changing aspect of the starry heavens, suc- 
cessive constellations are always coming to view. A slight 
degree of attention suffices to show that these are the same 
which had before vanished in the west, and that the stars 
which are opposite to the sun, setting at its rise, and rising 
at its setting, had about half a year earlier been seen in its 
vicinity. From the time of Hesiod to Eudoxus, and from 
the latter to Aratus and Hipparchus, Hellenic literature 
abounds in metaphoric allusions to the disappealrance of the 
stars amid the sun's rays, and their appearance in the morn- 
ing tydlight — ^their heliacal setting and rising.. An atten- 
tive observation of these phenomena yielded the earliest ele- 
ments of chronology, which were simply expressed in num- 
bers, while mythology, in accordance with the more cheerful 
or gloomy tone of jiational character, continued simultane- 
ously to rule the heav^is with arbitrary despotism. 

The primitive Greek sphere (I here again, as in the his- 
tory of the physical contemplation of the universe,* follow 
the investigations of my intellectual friend Letronne) had be- 
come gradually^ filled with constellations, without being in 
any degree considered with relation to the ecliptic. Thus 
Homer and Hesiod designate by name individual stars and 

* Cotmo$, vol. ii., p. 167. 
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grottps y the fonner mentions the ocmsteUation of Ihe Bear 
{" otherwise known as the Celestial Wain, and which alone 
never sinks into the bath of Oceanos"), Bootes, and the Dog 
of Orion ; the latter speaks of Sirius and Arcturus, and both 
refer to the FleiadeSj the Hyades, and Orion.* Homer's twice 
repeated assertion that the constellation of the Bear alone 
never sinks into the ocean, merely allows us to infer that in 
his age the G-reek sphere. did not yet comprise the constella- 
tions of Draco, Cepheus, and Ursa Minmr, which likewise do 
not set. The statement does not prove a want of acquaint- 
ance with the existence of the separate stars forming these 
three catasterisms, but sim|>ly an ignorance of th^r airange^ 
ment into constellations. A. long and frequently misunder- 
stood passage of Strabo (lib. i., p. 3, Oasaub.) on Homer, Ilr, 
xviii., 485-489, specially proves a fact — ^important to th^ 
question — ^that in the Greek sphere the stars were only grad^ 
ucUhf arranged in constellations. Homer has been unjustly 
accused of ignorance, says Strabo, as if he had known of only 
one instead of .two Bears.- It is probable that the lesser one 
had not yet been arranged in a separate group, and that the 
name did not reach the Hellenes imtil after the FhoBniciani 
had specially designated this constellation, and made use of 
it for the purposes of navigation. AU the scholia on Homer ^ 
Hyginus, and Diogenes Laortius ascribe its introduction to 
Thales. ki the Pseudo-Eratosthenian work to which we 
have already referred, the lesser Bear is called 4foivlKfi (or, 
as it were, the Phoenician guiding star). A century later 
(01. 71), Cleostratus of Tenedos enriched the sphere with the 
eonstellations of Sagittarius, To^oTfic, and Aries, Kpidg, 

The introduction of the Zodiac into the ancient Greek 
sphere cpincides, according to Letronne, with this period of 
the domination of the Pisistratidse. Eudemus of Eiiodes, one 
of the most distinguished pupils of Aristotle, and author of a 
" History of Astronomy," ascribes the introduction of this zo- 
diacal belt (4 Tov ^(odioKov Sla^uyacg, also <a)£d£0f KVKXog) to 
OBnopides of Chios, a cotemporary of Anaxagoras.f The 

* Ideler, UtUers. Hber die Stemnameth s; xi, 47, X39, 144, 243 ; Le- 
troane, 8ur VOrigine du Zpdiaque OreCf 1840^ p. 25. 

t Letronne, op. eU., p. 25 ; and Oarteron, Analyse de$ Recherche* de 
M. Letronne sur let Reprie&Uatione Zodiaealee, 1843, p. 119. **li ia 
very doubtfal whether Eudoxus ^Ol. lOS) ever made use of the word 
Codicucd^. We first meet with it m Euclid, and in the Commentary of 
HipparchuB on AratOB (01. 160). The name ecliptic, eicAetTmxdf, is 
also very recent." Compare Martin in the Commentary to 2*heoni» 
Bmymmi PUUotUci Libw d* Adironomiap 1849, p. 50, 60« 
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idea of the relation of the planets and fixed stars to the 5tm'« 
course, the division of the ecliptic into twelve equal. parti 
(Dodecatomeria), originated with the ancient Chaldeann, and 
very proi>ably came to the 6re^, at the heginning of th« 
£&, or even in the sixth century before our era, direct from 
Ohaldea, and not from the Valley of the Nile.* The Greeks 
merely separated from the oonstellKtions named in their prim* 
itive sphere those which were nearest to the ecliptic, and 
could be used as signs of the zodiac. If the Grades had bor* 
vowed frota another nation any thing more than<the idea and 
number of the divisions (Bodeeatomeria) of a zodiac — ^if they 
had borrowed the zodiac itself, with its signs— <they would 
not at ^tat have contented themselves with only elefven con* 
steUations. The Scorpion would not have been divided into 
two groups ; nor would zodiacal constellations have been in- 
troduced (some of which, like Taurus, Leo, Pisces, and Virgo, 
extend over a space of 35° .to .48°, while others, as Cancer, 
Aries, and Oapricomus, occupy only fcom 19° to 23°), which 
ore inoonveniently grouped to .the north and south of ike 
ecliptic, either at great diistanees from each other, or, like Tau- 
rus and Aries, Aquarius and .Gapricamus, so closely crowded 
together as almost to encroach on each other. These ai' 
cumstances prove that catasterisms previously formed were 
converted into signs of the zodiac. 

The sign of Libra, according. to Letranne's conjecture, was 
introduced at the time of, and perhaps by, fiipparchus. It 
is never mentioned by Eudoxus, Archimedes, Autolycus, or 
even by Hippainchus in the few fragments of his writings 
which have been transmitted to us (excepting indeed in one 

* Letroniie, Orig. du Zod.^ p. 25 ; and 4naly$e Crii. tkt HeprU. 
Zod,f 1846, p. 15. Ideler and Leptttu ako consider it probable '* that 
the knowladge of the Chaldean, zodiac, ai well in lefesence to its diti- 
aions as to the names of the latter, had reaohed the Qreeks in the sev* 
enth century before oar era, although the adoption of the separate signs 
of the zodiac in Greek astronomical literature was gradual and of a sub- 
sequent date." (Lepsius, ChrtmotogU der ^f^pUr, 1849, s. 65 ami 
124.) Ideler is inclined to believe that the Onentals had names, bat 
Dot constellations j^ the Dodecatomeria, and Lepsihs regards it as a 
natural assumption '' that the Greeks, at the period when their spbei^ 
was for the most ]part unfilled, should have added to their own the 
Chaldean constellations, from wnieh the twelve divinons wefe named.'' 
But are we not led on this supposition to inq^uire why the Gkeeks had 
at first only eleven signs instead of introducing all the twelve> belong- 
ing to the Chaldean Dodecatomeria ? If they introdaoed the twelve 
tigns, ihey are hardly likely to have removed one in oirder to repXaoe it 
at a sabfieqaent period; 
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passage, piobably falsified by a copyist).* The earliest no- 
tice of this new constellation bccuis in Geminus and Yarro 
scarcely half a century before our era ; and as the Romans, 
from the time of Augustus to Antoninus, became more strong* 
ly imbued with a predilection for astrobgical inquiry, those 
constellations which ** lay in the celestial path of the sun'' 
acquired an exaggerated and fanciful importance. The Egyp- 
tian zodiacal constellations found at Dendera, Esneh, the 
Propylon of PanOpolis, and on some mummy-cases, belong to 
the first half t^ this period of the Roman dominion, as was 
maintained by Yisconti and Testa, at a time when the nec- 
essary materials ^r the decision of the question had not been 
collected, and the wildest hypothesis still prevailed regard- 
ing the signification of these syn^boUcal zodiacal sighs, and 
their dependence on the precession of the equinoxes. The 
great antiquity ^hich, from passages in Manu*s Book of 
Laws, Yalmiki's Ramayana and Amarasinha's Dictionary, 
Augustus William von Schlegel attributed to the zodiacal 
circles found in India, has been rendered very doubtful by 
Adolph Holtzmann's ingenious investigations.f 

* On the passage referred to in the text, and interpolated by a copr* 
ist ot' Hipparchos, see Letronne, Orisr- du Zod,, 1840, p. 20. As early 
as 1812, when I was much disposed to believe that the Greeks had 
been long acquamted with the sign of Libra, I directed attention in an 
elaborate memoir (on all the passages in Greek and Boman writers ef 
antiquity, in which the Balance occurs as a sisn of the zodiac) to that 
passage in Hipparchus (Conime;t^. w ArtUum, fib. iii., cap. 2) which re- 
fers to the i^i^pidv held by the Oentaur (in his fore-foot), as well as to 
the remarkable passage of Ptolemy, lib. iz., cap. 7 ^Halma, t. ii., p. 
170). In the latter the Southern Balance is named with the affix icard 
XaX6al<fvSt and is opposed to the pincers of the Scorpion in an observ- 
ation, which waa anadubtedly not made at Babylon, but by some of 
the astrological Chaldeans, dispexvod throughout Syria and Alexandria. 
( Vuea de$ Vordillires et Mauumeus det Petiole* hidigine^ de V Amirique, 
t, ii., p. 380.) Buttman maintained, what is very improbable, that the 
jt^Xoi originally signified the two scales of the Balance, and were snb- 
seqnently by some raSsoonception converted into the pincers of a scor*> 
pioD. (Compare Ideter, Vntermdivngen itber die tutroHomisehen Beo» 
bachimngeii der Alien., s. 374, and Ueber die Stemnatnen, s. 174-177, 
with Carteron, Rechertkes de M. Leironne, p. 113.) It is a remarkable 
circumstance connected with the analogy between many of the names 
of the twentv-seVen ** houses of the moon,*' and the Dodecatomena of 
the aodiac, that we also meet with the sigii of the Balance among the 
Indian Nakschatras (Moon-houses), which are undoubtedly of very 
great antiquity. (Vnet de* Cordillire*, t. ii., p. 6-12.) 

t Compare A. W. von Schlegel, IMer StertMder dee Thierkreieet im 

ulten indteHf in the Zeitgehrifi fAr die Kunde dee Morgenlandet, bd. i^ 

Heft 3. 1837. and his C&mmeniatio de Zodiaci Antifuitate et Origine, 

1839, with Adolph Holtzmauu, Ueber deitGriechieehen Ursprung de« In- 

Vol III — F 
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The artifical gnrnping of the 9tais into conBtellationf , 
which arose incidentally during the lapse of ages — ^the fre- 
quently inconvenient extent and indefinite outline — the com* 
plicated designations of individual stars in the different con* 
stellations — ^the various alphabets which have been required 
to distinguish them, as in Argo— together with the tasteless 
blending of mythical personages with the sober prose of philo- 
sophical insti:uments, chemicsd furnaces, and pendulum clocks, 
in the southern hemisphere, have led to many propositions 
for mapping the heavens in new divisions, without the aid 
of imaginary figures. This undertaking appears least hazr 
ardous in respect to the southern hemisphere, where Scorpio, 
Sagittarius, Centaurus, Argo, and Eridanus alone possess any 
poetic interest.* 

. The heavens of the fixed stant {orbi$ inerrans of Apule* 
ius), and the inappropriate expression ol fixed stars {astra , 
fixa of Manilius), reminds us, as we have already observed 
m the introduction to the Astrognosy,! of the connection, or, 
rather, confusion of the ideas of insertion, and of absolute im- 
mobility or fixity. When Aristotle calls the non-wandering 
celestial bodies (dTrAav^ darpa) riveted (^vdcde/ifivo), when 
Ptolemy designates them as ingrafted {npoaneifiVKdTe^), theso 
terms refer specially to the idea entertained by Anemones 
of the crystalline sphere of heaven. The apparent motion 
of all the fixed stars from east to west, while their relative 
distances remained unchanged, had given rise to this hypoth- 
esis. " The fixed stars (dnXavrj darpa) belong to the higher 
and more distant regions, in which they are riveted, like nails, 

dttehen Thierkreise^, 1841, s. 9, 16, 23. *' The paasages qaotad from 
Amorakoscba and Ramayana,'' says the latter writer, ''admit of an- 
doubted interpretation, and speak of the zodiac in the clearest terms ; 
but if these works were composed before the knowledge of the Greek 
signs of the zodiac could have reached India, these passages oaght to 
be carefully examined for the purpose of ascertaining whether they 
naay not be comparatively modem mterpolations.'' 

/.Compare Buttman, in Berlin AUron. Jahrbuchf&r 1822, s. 93, Gi- 
bers on the more recent constellations in Schumacher's Jahrbuch fkr 
1840, s. 283-251, and Sir John Herschel, Retnntm and Rearrangement 
of. the ConstellationSf wUh special reference to ^kose of the Southern Ifem- 
uphere, in the Memoirs of the Astr. Soe.f vol. xii., p. 201-224 (with a 
very exact distribution of the southern stars from the first to the fourth 
magnitude). On the occasion of Lalande^s formal discossion with Bbde 
on the introduction of his domestic cat and of a reaper {Messier!), 01- 
bers complains that in order '* to find space in the nrmamftnt for King 
Frederic's glory, Andromeda must lay her right arm in a different placo 
from that which it had occupied for 3000, years !" 
t Vide supra, p. 2(}'-28, and note. 
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to the crystalline heaveiis ; the planets {iorpa nkav(Ofieva 
pr TrAoviyrd), which move in an apposite direction, belong to 
a lower and nearer region."* As we find in Manilius, in 
the earliest ages of the Caesars, that the term stdla fixa was 
substituted for infixa or affixd^ it may be assumed that the 
schools of Rome attached thereto at first only the original 
ngnification of riveted ; but as the word fixfu^ also embraced 
the idea of immobihty, and might even be regarded as sy- 
nonymous with irmnotus and immolnUSf we may readily con- 
eeive that the national opinion, or, rather, usage of speech, 
should gradually have associated with stdla fioca the idea of 
immobility, without reference to the fixed sphere to which it 
was attached. In this sense Seneca might term the world 
of the fixed stars fixum et immobilem populttm. 

Although, according to Stobseus, and liie collector of the 
" Views of the Philosophers," the designation *1 crystal vault 
of heaven" dates as iar back as the early period of Anax- 
imenes, the first clearly-defined signification of the idea on 
which the term is based occurs in Empedocles. This phi^ 
losopher regarded the heaven of the fixed stars, as a solid 
mass, formed from the ether which had been rendered crys- 
talline and rigid by the axstion of fire.f According to his 

* According to Democritos and his disciple Methnlonis, Stob., Eelog, 
Phys., p. 582. 

t Plat., De plac, Phil.f ii., II ; Diog. Laert., viii., 77 ; Achilles Tat., 
ad. Arat., cap. 5, Eftir; icfwara^^Tiorf roirov {fbv oipavov) elvai ^rimvy U 
Tov irayeTuSovc avX^^ivTa ; in like manner, we only meet with the 
expression crystol^like in Diog. Laert.^ viii., 77 ^ and Galenas, //m«. Philf, 
12 (Starz, Empcdocles AgrigetU.t t. i., p. 321). Lactantius, De Opificio 
Dei, c. 17 : *' An, si mihi qaispiam dixerit ai^eum esse coelam, aat v»- 
ireum, aat, at Empedocles ait, aSrem f^laciatuin, statimne assentiat quia 
cselam ex qua materia sit, ignorem." *' If any end were to tell me that 
the heavens are made of brass, or of glass, or, as Empedocles asserts, 
of frozen air, I should incontinently assent thereto, for I am ignorant of 
what substance the heavens are composed.'^ We have no early Hel- 
lenic testiipony of the use of this expression of a glass-like or vitreous' 
heaven {ealum vitreum)^ for only one celestial body, the sun, is cJedled 
by PhilolaQs a glass-like body, which throws upon us the rays it has 
received from the central fire. (The view of Einpedocles, referred 
to in the text, of the reflection of the sun's light from the body of the 
moon (supposed to be consolidated in the same manner as hailstones), 
is frequently noticed by Plutarch, apud Euseb. Prop, Evangel,, 1, p< 
24, D, and De Fade in Orbe Luna, cap. 5.) Where Uranos is described 
as xaTiKeac and oid^peo^ by Homer and Pindar, the expression refers 
only to the idea of steadfast, permanent, and imperishable, as in speak- 
ing of brazen hearts and brazen voices. VOlckerfi^er Hamerische OeO" 
graphie, 1830, s. 5. ^ The earliest noention, before Pliny, of the word 
KpvaToXko^ when applied to ice-like,, transparent rock-crystal, occurs in 
Dionysius Periegetes,:781, ^liao, zv.,. 8^ and Strabo, xv** p. 717».Oa* 
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theorj, the moon is a body Gonglomerated (like hail) by tbe 
action of fire, and receives its light ftom the sun. The raiginal 

saub. The opinion that the idea of the crystalline heavenB being a gla- 
cial vaalt {tUir glaeintnt of Lactantios) arose among the ancients, from 
their knowledge uf the decrease of temperatare, with the increase of 
height in the strata of the atmosphere, as ascertained from aacendinc 
great heights and from the aspect of show-covered mountains, is i^^ateS 
by the ciicumstance that they regarded the fiery ether as lying beyond 
the confines of the actnal atmosphere, and the stars pA.warm bodies. 
(Aristot, M^eor,, 1, 3 ; D« Calo, 11, 7, p. 28d.) In B|>eaking of the 
music of the spheres (Aristot., Dt Calo, U, p. 290), which» aocording 
to the views oi the Pythagoreans, is not perceived by men, because it 
is continaoQs, whereas tones can only be heard when they are intei^ 
mpted by siknoe, Aristotle singularly enough maintains that the move- 
ment of the spheres generates lieat m the air below them, while tb^ 
are tbemselveanot heated. Their vibrations ]>rodnce beat, but no sound, 
** The motion of the sphere of the fixed stars is the moat rapid (ArisCot, 
De Cah, ii., lO, p. 291) ; as ths sphere and the bodies attached to it are 
imoelled in a circle, toe subjacent space is heated by this- movement, 
ana hence heat is diffused to the surface of the earth.'' {Meieorol.i 1, 3j 
p. 340.) It has always sirack me as a circumstance worthy of remark, 
that the Stagirite should constantly avoid the word crystal kmoett; for 
the expression, " riveted ^tart" (MeSe/iiva aarpa), which he uses, in* 
dicates a general idea of solid spheres, without, however, specifying ^a 
nature of the substance. We do not meet with any allusion to the sub- 
ject in Cicero, but we find in his oomrneatator, Macrobius (Cie* Bom^ 
nium Scipionu, 1, c. 20, p. 99, ed. Bip.), traces of fipeer ideas on the dim- 
inution of temperature with the increase of height. According to him, 
eternal cold prevails in the outermost zones of heaven. " Ita enim noa 
solum terram sed ipsum quoque caelum, quod vere mundns vocatur, 
temperari a sole certissimum est, ut eztremitates ejus, qnie via solis 
lo^gissime reeesserunt, onmi careant beneficio caloris, et una firigorit 
perpetuitate torpescant." *' For as it is most certain diat not only the 
earth, but the heavens themselves, whiph are truly called ^e universe, 
are rendered, more temperate by the sun, so also their confines, which 
are most distant from the sun, are deprived of the benefits of heat, and 
languish in a state of perpetual cold.'^' These confines of heaven (es- 
tremitates emU), in which the Bishop 6f Hippo (Augustinus, ed. Antv., 
1700, i., p. 102, and iii., p. 99) placed a region of icy-cold water near 
Saturn the highest, and therefore the coldest, of all the planets, are 
within the actnal atmosphere, for beyond die outer limits of this space 
lies, according to a somewhat earlier expression of Macrobius (1, c. 19, 
p. 93), the fiery ether which eniginatically enough does not prevent this 
eternal ec^d: '' SteQte supra ccelum locate, in ipso pnrissimo ethere sunt, 
in quo omne qaidquid est, lux natoralis et sua est, que iota cum igne 
•uo ita sphtera scdis inonmbit, ut coeli zonte, que procul a sole aunt, 
perpetuo frigoco oppresse ^sint.** ** The stars above &e heavens are 
situated in the pure ether, in which all things, whatever they may be, 
have a natural and proper light of their own*' (ihe region of self-lumin- 
ous stars), ** which so impends over the sphere df the sun with aU ita 
fire,, that those zones of heaven which are mr from the sun are oppress- 
ed by perpetual cold.** My reason for entering so circumstantially into 
the physioal and meteorological ideas of the Greeks and Romans is sim* 
^y becense tiiese subjeets, accept in liie works of Ukert, Heart Martin, 
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idea of transpafency, congelation, and Bolidity would not, ac- 
cording to the physics of the ancientsi,* and th^r ideas of the 
solidification of fluids, have referred directly to cold and ice ; 
but the affinity betwe^i icpvoT^iXXo^j icpvw^r &n<i KpvarcUvi,}, 
as well as this comparison with the most transparent of all 
bodies, gave rise to the mcnre definite assertion that the vault 
of heaven consisted of ice or of glass. Thus we read in Lac- 
tantius : '' CcBlum aerem glaciatum esse" and '* vitreum cae- 
lum/^ Empedocles undoubtedly did Uiot refer to the glass of 
the Phoenicians, but to air, which was supposed to be con- 
densed into a transparent solid body by the ikction of the fiery 
ether. In this comparison with ice {lOfnMnaXkog), the idea 
of trjansparency predominated ; no reference being here made 
to the origin of ice through cold, but simply to its conditions 
of transparent condensation. While poets used the term 
crystal, prose writers (aji found in the note on the passage 
cited frcnn Achilles Tatius, the commentator of Aratus) hm- 
ited themselves to the expression cryftaUine or crystat-like, 
ttpvaraXXoudfi^, In like manner, naya^ (from nt^ywodM^ 
to become solid) signifies a piece of io&— ita condensaticm be- 
ing the sole point referred to. 

The idea of a crystalline vault 6f heaven was handed 
down to the Middle Ages by the fathers of the Church, who 
believed the firmament to consist of from seveii to ten glassy 
strata, incasing one another like the difierent coatings of an 
onion. This supposition still keeps its ground in some of the 
monasteries of Southern Europe, where I was greatly sur- 
prised to hear a venerable prelate express an opinion m ref- 
erence to the fall of aeroHtes at Aigle, which at that time 
formed a subject of considerable interest, that the bodies we 
called meteoric stones with vitrified crusts were not portions 
of the fallen stone itself, but simply fragments of the cry&- 

and the Admirable fragment of the BteUoroiopa Vtierumof JvMvb Ide« 
ler, have hitherto been very imperfectly, and, for the most part, aaper- 
ficially considered. 

^ * The ideas that fire has the power of making rigid ( Aristot., Probi,, 
xiv., 11), and that the formation of ice itself may be promoted by heat, 
are deeply rooted in the physics of the ancients, and based on a fanci- 
' fol theory of contraries {AfUiperiUasity^'^n obscare conoeptions of po- 
larity (of exciting? opposite qualities or conditions)* '{Vide avpra, p. 
14, and note.) ^The qaautit^ of hail produced was considered to be 
proportioual to the degree of'^heatof the atmospheric strata. (Aristot., 
Melear.f i., 12.) In the winter fishery on the shores of the Eaxiue, 
warm water was used to increase the jce formed in the neighborhood 
of an upright tabe. (Alex. Aphzodia., M, 8Q, and Plat., Deprimo Frigid 
da, c. 12.) 
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tal vault shattered by it in its fall. Kepler, from Ids con* 
siderations of comets which intersect the orbits of all the 
planets,* boasted, nearly two hundred and fifty years ago, 
that he had destroyed the seventy-seven concentric spheres 
of the celebrated Girolamo Fracastoro, as well as all the 
more ancient retrograde epicycles. The ideas entertained 
by such great thinkers as Eudoxus^ MensBchmus, Aristotle, 
and ApoUonius PergsBus, respecting the possible mechanism 
and motion of these solid, mutually intersecting spheres by 
which the planets were moved, and the question whether 
they regarded these systems of rings as mere ideal modes oi 
representation, or intellectual fancies, by means of which diffi- 
cult problems of the planetary orbits might be solved or de- 
termined approximately, are subjects of which I have already 
treated in another place,t and which are not devoid of interest 
in our endeavors to distinguish the different periods of devel- 
opment which have characterized the history of astronomy. 
Before we pass from the very ancient, but artificial zodi- 
acal grouping of the fixed stars, as regards their supposed 
insertion into solid spheres, to their natural and actual ar- 
rangement, and to the known laws of their relative distri- 
bution, it willbe necessary more fully to consider some of 
the sensuous phenomena of the individual cosmical bodies — 
their extending rays, their apparent, spurious disk, and their 
differences of color. In the note referring to the invisibility 
of Jupiter's satellites,]: I have already spoken of the influ- 
ence of the so-called tails of the stars, which vary in num- 
ber, position, arid length in different individuals. Indistinct- 
ness of vision (la vue indistincte). arises from numerous or- 
ganic causes, depending on aberration of the sphericity of 

* Kepler expressly says, in his Stella MarliSf fol. 9 : " Solidos orbes 
rejeci." ^'I have rejected the idea of solid orbs;" „and in the Stella 
I^Oj 1606, cap. 2, p. 8: "Planetae in purb fiethere, perinde atqae 
aves in aCre ctirsus sues conficiont.'' ^' The planets perform their 
course in the pure ether as birds pass through the air." Compare also 
p. 122. He inclined, however, at an earlier period, to th« idea of a 
solid icy vault of heaven congealed from the absence of solar heat : 
" Orbis ex aqua factns gelu concreta propter soils absentiam." (Kepler, 
Epit. Astr, Copern,, i, 2, p. 51.) " Two thousand yeaiv before Kepler, 
Empedocles maintained that the fixed stars were riveted to the crystal 
heavens, but that the planets were free and nnrestirained'' {rove Se nXav- 
vra^ aveladai). (Plut., plac. Phil., ii., 13; Emped.,.1, p. 335, Stnrz; 
Euseb., Preep. Evang., xv., 30, col. 1688, p. 839.) It is difficult to con- 
ceive bow, according to Plato in the Timsus ( Tim.y p. 40, B ; see Bohn's 
edition of Plato, vol. ii., p. 344 ; but not according to Aristotle), the fixed 
•tars, riveted as they' are to solid spheres, could rotate ihdependently. 

t Cosmott vol. ii., p. 315, 316. } Vide stpra, p. 51, and note. 
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the eye, diffraction at the margin* of the pupil, or at the 
eyelashes, and on the more or less widely-difiiised inritahili- 
ty of the retina from the excited point.* I see very regu- 

* " Les principales caaseB de la yne indistiQcte sont : aberratron de 
8ph6rioit6 de rceil, diffraction nir les bordii de la papille, oommanica- 
tion d'irritabilite k des points voisins siir la ratine. La vue coafuse eai 
celle ou le foyer ne tombe pas exactemdnt sur la ratine, mais tombe 
au-devant ou derri^re la r6tine. Les queues des ^toiles sont I'effet de 
la vision indistincte, autant qu'elle depend de la constitution dn cristal" 
lin. D'apr^s an tr^s ancieo m^moire de Hassenfiratz ( 1 809) ' les queues 
au nombre de. 4 ou 8 qu'ofirent les 6toiles ou une bougie vue ii 25 m^* 
tres de distance, sont les caustiques du cristaUin form^es par Vintersec- 
tion des rayons r§fract§s.* Ces caustiques se meuvent a mesnre que 
nous inclinODs lat^te. La propria t6 de la lunette de terminer I'image 
fait (ju^elle concentre dans un petit espace la lumi^re qui sans cela en 
aurait occup^ un plus grand. Cela est vrai pour les ^toiles fixes et 

Sour les disques des plan^tes. La lumidre des ^toiles qui n'ont pas de 
isque r^els, conserve la m6me inteusite, quel que soit le grossissement. 
Le fond de Vair duquel se d6taehe I'^toile dans la lunette, devient plus 
noir par le grossissement qui dilate les molecules de Pair qu*embrasse 
le champ de la lunette; Les plan^tes k vrais disques deviennent elles- 
to^mes plus p&les par cet effet de dilatation. Quand la peinture focale 
est nette, qxiand les rayons partis ePun point de l*objet se sont concen- 
tres en unseul point dans Timage, Poculaire donne des r^sultats satis- 
faisants. Si au oontraire les rayons 6man6s d'un point ne se r^nnissent 

Sas au foyer en un seul point, s'ils y ferment un petit eerele, les images 
e deux points contigus de Tobjet empi^tent n^cessairement Tune siir 
rautre;.leurs rayons se confondent. Oette confusion la lentille ocu- 
laire ne saurait la faire disparaltre. L'office qu'elle remplit exclusive- 
men t, c'est de grossir; elle grossit tout ce qui est dans Vimage, les d6- 
iauts oomme le reste. Les ^toiles n'ayant pas de diam^tres angulaires 
sensibles, ceux qu'elles conservent toujours, tieiinent pour la plus grande 
partie au manque de perfectiou des instruraens {k la couroure moins 
r6giili^re dbnn^e aux deux fiices de la lentille objective) et k quelques 
d^fauts et aberrations de notre oeil. Plus une 6toile semble petite, 
tout 6tant ^gal quant au diarm^tre de Tobiectif, au grossissement em- 
pIoy6 et k I'^clat de I'^toile obsisrv^e, et plus la lunette a de perfection. 
Or le meilleur moy«n de juger si les ^toiles sont tres petites, si des 
points sont repr§sent4s au foyer i>ar des simples pbinjts, c'est 6videm- 
ment de viser k des ^toiles excessivement rapproch^es entr'elles et de 
voir si dans les 6toiles doubles connues les images se confondent, si 
elles empi^tent Tune sur Pautre, ou bieh si on les aper9oit bien nette- 
ment s^par^es.** 

" The principal causes of indistinct vision are, aberration of the sphe- 
ricity of the eye, diffraction at the margins of the ptil>il} and irritation 
transniitted to contiguous points of the retina. Indistinct vision exists 
where the focus does not fall exactly on the retina, but either somewhat 
before or behind it. The tails of ttie stars are the i^esult of indistinct- 
ness of vinon, as far as it depends on the constitution of the crystalline 
lens. According to a very old paper of Hassenfratz (1809), 'the four 
or eight tails which surround the stars or a candle seen at a distance 
of 35 metres [82 feet], are the caustics formed -on the crystalline lens 
by the intersection orrefiracted rays/ These caustics follow the moVe? 
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Itf ly «ight rays at anglea of 45*^ in ttax» firom the iir«t to tlie 
third magnitude. Ab, according to Hassenfratat, these radi- 
ations are caustics intersecting one another on the crystal- 
line lens, they necessarily move according to the direction 
in which the head is inchned.*^ Some of my astronomical 
friends see three, or, at most, four rays above, and none he^ 
low the star. It has always appeared extraordinary to me 
that the ancient Egyptians slrould invariably have given 
only five rays to the stars (at distances, therefore, of 72°) ; 
■o that a star in hieroglyphics signifies, according to H(»ra^ 
polio, the number five.f 

The rays of the stars disappesur when the image ci the 
radiating star is seen through a. very small aperture made 

mentB of the head. The property of the telescope, in giving a definite 
oatline to images^ cauaei it to concentrate in a small space the lisht 
'which would otherwise be more widely diflused. This obtains ibr the 
fixed stars and for the disks of plcMiets. The light of stars having no 
actaal disks, maintains the same intensity, whatever may be the mag- 
nifying power of the instrament. The aerial field fix>m which the star 
Is projected in the telescope is rendered more black by the magnifying 
property of the instrument, by which the molecules of ear included in 
the field of view are ezpanaed. Planets having actual disks become 
fainter from this efiect of expansion. When the focal image is clearly 
defined, and when the rays emanating firom one point of the object are 
concentrated into one point in the image, the ocular focus afibrds satis- 
factory results. But it, on the contrary, the ravs emanating from one 
point do not reunite in the focus into one point, but form a small cireU, 
the images of two contiguous points of the object will necessarily im- 
pinge upon each other^and their rays will be confused. This cpnmsion 
can not be removed by the ocuk^, since the only part it performs is 
that of minifying. It niagnifies every thing comprised in the image, 
including Its defects. As the stars have no sensible angular diametersy. 
those which they present are^rincipdly ovtring to the imperfect con- 
struction of the instrument (to the different curvatures of the two sides 
of the object-|Ias8), and to certain defects and aberrations pertaining 
to the eye itself. * The smaller the star appears, the more perfect is the 
instrument, providing aU relations are equal as to the diameter of the 
objoc^glass, the magnifying power employed, and the brightness of the 
star. Now the best means of judging whether the stars are very smaU^ 
and whether the points are represented in the focus by simple pointSr 
is undoubtedly that of directing the instrunient to stars situated very 
near each other, and of observing whether the images of known double 
stars are confused, and impinging on each other, or whether they can 
be seen separate and distinct?' (Arago, M8. of 1834 and 1847.) 

* Hassenfi'atz, 8ur let rayon* dwergens dee Etoile* in Delam^theriey 
Journal de Physique, tom. Ixiz., 1809^ p. 324. 

t HorapoUinis Niloi HieroglyyJdea, ed. Con. Leemans, 1835, cap. 13^ 
p. 20. The learned editor notices,, however, in reftttati«Mi of iomardfs 
assertion (Deter, de rSgyptef torn. viL, p. 4^3}, that a star, as the bu- 
inerical hieroglyphic for 5, has not vet been dixscoTered on any monu- 
ment or papyrus-roll. (Horap., p. 194.) 
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with ft needle in a oaid, and I liave myself fiequoitly ob- 
served both Canopus and Siiius in this manner. The same- 
Ihing occurs in telescopic vision through powerful instru- 
ments, ^en the stars appear either as intensely luminous 
points, or as exceedingly small disks. Although the fainter 
scintillation of the fixed stars in the tropics conveys a cer- 
tain impression of repose, a total absence (^ stellar radiation 
wouldy in my opinion, impart a desolate aspect to the firma» 
ment, as seen by the. naked eye. Illusion of the senses, op- 
tical illusion, snd indistinct vision, probably tend to augment 
the splendor of the luminous canopy of heaven. An^go long 
nnce proposed the question why fixed stars of tiie first mag- 
nitude, notwithstanding their great intensity of light, can 
not be seen when rising above the horizon in the same man- 
ner as under similar circumstances we seethe outer margin 
of the moon's didc^ 

Even the most perfect optical instruments, and those hav- 
ing the highest magnifying powers, give ta the fixed stars 
spurious disks (diametres factices) ; ** the greater i^perture," 
according to Sir John Herschel, ** even with the same mag- 
nifying power, giving the smaller disk."t Occultations of 
the stars by the moon's disk show that the period occupied 
in the immeision and emersion is so tranfient that it can not 
be estimated at a fractkxi of a second of time. The frequent 
occurraioe of the so-called adhesion of the inunersed star to 
the moon's disk is a phenomenon dependin|[ on inflection of 
light in no way connected with the question of the spurious 
diameter <^ the star. We have already seen that Sir Will- 
iam Herschel, with a magnifying power of 6500, found the 
diametet of Vega 0"*36. The image of Arctums was s6 di- 
minished in a dense mist that the disk was below 0''*2. It 
is worthy of notiee that, in consequence of the illusion occa- 
sioned by stellar radiation, Kepler and Tycho, before the in- 
vention of the telescope, relipectively ascribed to Sirius^ a 
diameter of 4' and of 2' 20'^'. 

* I found an opinion prevalent among the ttilori of the Spanish ships 
of the Padfie, that the age of the moon might be determined before the 
first qnarter by kipking at it throngh a piece of silk and ooanting the 
moltipliad inagesi Here we have a phenomenon of dijgfracti^n ob- 
served throanh fine slits. 

t OtUlmt9t% 816. AjragD has caused die sporiotis diameter of Alde- 
baraa to increase from i" to 15" in the instntment by diminishing the 
ebjeci-slass. 

t DeUMBbie, JffisL d€ VAstr. iiodtnm, torn, i., p. 193; Arago, AtMu^ 
utrf , 1S42, p. 366. 

F 2 
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The alternating light and dark lingB which aunouiid the 
amall spurious disks of the stars when magnified two or 
three hundred times, and which appear iridescent when seen 
through diaphragms of different form, are likewise the result 
of interference and diffraction, as we learn from the observ* 
ations of Arago and Airy. The smallest objects which can 
be distinctly seen in the telescope as luminous points, may 
be employed as a test of the perfection in construction and 
illuminating power (^ optical instruments, whether refractors 
or reflectors. Among these we may reckon multiple stars, 
such as e Lyne, and the fifth and sixth star discovered by 
Struve in 1826, and by 6ir John Herschel in 1632, in the 
trapezium of the great nebula of Orion,* forming the quad- 
ruple star $ of that constellation. 

A difference of color in the proper light of the fixed stars, 
as well as in the reflected light of the planets, was recog- 
nized at a very early period ; but our knowledge of this re- 
markable phenomenon has been greatly extended by the aid 
of telescopic vision, more especially since attention has been 
so especially directed to the double stars. We do not here 
allude to the change of color which, as already observed, ac- 
companies scintillation even in the whitest stars,* and still 
less to the transient and generally red color exhibited by 
stellar light near the horizon (a phenomenon owing to the 
charact^ of the atmospheric medium through which we see 
it), but to the white or colored stellar light radiated from 
each cosmical body, in consequence of its peculiar luminous 
process, and the different constitution of its surface. The 
Greek astronomers were acquainted with red stars only, 
-while modem science has discovered, by the aid of the tele- 

* *' Two excessiyely minate and very close companionB, to perceive 
both of which is one d the severest tests which can be applied to a tel- 
escope." (OtUlinek, $ 837. Compare also Sir John Herschel, Ohserp- 
ations at the Cap€j P*S9t and Araso, in the Annuaire pour 1834, p. 
302-305.^ Among the different pumetary cosniical bodies by which 
the illammating power of a strongly magnifying optical instrument may 
be tested, we may mention the nrst and fourth satellites of Uranus, re- 
discovered by Lassell and Otto Stmve in 1847, the two innermost and 
the seventh satellite of Saturn (Mimas, Encelados, and Bond's Hyperi- 
on), and Neptune's satellite discovered by Lassell. The power of pen. 
etrating into celestial space occasioned Bacon, in an eloquent passage 
in praise of Galileo, to whom he erroneously ascribes the invention of 
telescopes, to compare these instruments to ships which cany men upon 
an unknown ocean: "Ut propriora ezercere possint cum ccBlestibu» 
commercia." ( Works of Fnanm BaeoBf 1740, vol. i, Novum Org<^ 
num, p. 361.) 
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scope, in the radiiEuit fields of the starry heaven, as in the 
blossoms of the phanerogamia, and in the metallic oxyds, 
almost all the gradations of the prismatic spectrum between 
the extremes of refrangibility of the red and the violet ray. 
Ptolemy enumerates in his catalogue of the fixed stars six 
(fiiroKippoi) fiery red stars, viz. :* Arcturus, Aldebaran, Pol- 
lux, Antares, a Orionis (in the right shoulder), and Sirius. 
Oieomedes even compares Antares in Scorpio with the fiery' 
red Mars,t which is called both Twffpdg and nvpoeiSfj^. 

Of the six above-named stars, five still retain a red or red- 
dish light, Pollux is still indicated as a reddish, but Castor 
as a greenish star.t Sirius therefore affords the only ex- 
ample of an historically proved change of color, for it has at 
present a perfectly white light. A great physical revolu- 
tioni must therefore have occurred at the surface or in the 
photosphere of this fixed star (or remote sun, as Aristarchus 

* The ezpresfiion iyadKipfio^, which Ptolemy employs indiscriminate- 
ly to desigUBte the eix stars named in his catalogue, implies a dlightly^p 
marked trtmsition from fiery yellow to f.ery red; it therefore refers, 
strictly speaking, to b, fiery reddish color. He seems to att^h the gen- 
eral predicate ^avdo^f fiery yeUotOy to all the other fixed stars. {Almag.^ 
viii., 3d ed., Halma, tom. ii., p. 94.) ILipfiOi is, according to Galen 
(Metk. Med., 12), a pale fiery red Incliniti^ ^ yellow. Gellius corn* 
pares the word with melinuSf which, accordmg to Servius, has the same 
meaning as <'^lviis" and " falvQs.'' As Sinus is said by Seneca {Nat, 
Qfuut.f i., 1) to be redder than Mare, and belongs to the stars called in 
the Almagest virpKi/i/wt^ there can be no deubt that the w;ord implies 
the predominance, or, at all ev^euts^ a certain proportion of red^rays. 
The assertion that the affix irocKiTLoc, which Aratus, v. 327, attaches to 
Sirius, has been traiulated by Cicero as ** rutilus,*' is erroneous. Cicero 
says, indeed, V. 348 : 

" Namqtie pedes subter mt&o cam Ittmine claret, 
Ferridw* iUe Cani« stdlaram luce refiilgens ;" 
but ** rutilo cum lumine" is not a tranelaUott of iroiKiXo^y bat the mere 
addition of a firee translation. (From letters addressed to me by Pro- 
fessor Franz.) " If," as Arago observes (Annuaire, 1842, p. 351), ** the 
Roman orator, in using the term ruHluSf purposely departa from" the 
strict rendering of the Greek of Aratus, we must suppose that he rec- 
ognized the reddish character of the light of Sirius.'^ 

t Cleom., CyeL Theor., i., ii., p. 59. 

t Mfidler, Asir., 1849, s. 391. 

$ Sir John Herschel, in the Edinb. Review, yol. 87, 1848, p. 189, and 
10 Schum., Attr. Nachr,, 1839, No. 372: " It seems much more likelv 
that in Sirius a red color should be the eBect of a medium interfered, 
than that in the short space of 2000 years so vast a body should have 
actually undergone'^such a material change in its physical constitution. 
It may be supposed owing to the existence of some sort of cosmical 
cloudiness, Subject to internal movements, depending on causes of \yhich 
we are ignorant.** (Qompare Arago, in the Annuaire pour 1842, j). 359-» 
853.) -. . , ^ 
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of SamoB called the fixed stars) before the pioceiw eould have, 
been disturbed by means of which the less refrangible red 
rays had obtained the preponderanee, through the abstraction 
or absorption of other complementary rays, either in the pho- 
tosphere of the star itself, or in the moving cosmical clouds 
by which it is surrounded. It is to be wished that the epoch 
of the disappearance of the red color of Sirius had been re- 
corded by a definite reference to the time, as this subject has 
excited a vivid interest in the minds of astronomers since 
the great advance made in modem optics. At the time of 
Tycho Brahe the light of Sirius was undoubtedly already 
white, for when the new star which appeared in Cassiopeia 
in 1572, was observed in the month of March, 157^, to 
change from its previous dazzling white color to a reddish 
hue, and again became white in January, 1574, the red ap- 
pearance of the star was compared to the color of Mars and 
Aldebaran, but not to that of Sirius. M. S^dillot, or other > 
philologists conversant with Arabic and Persian astronomy, 
may perhaps some day succeed in discovering evidence of 
the earlier color of Sirius, in the periods intervening firom 
£1-Batani (Albategni^s) and El-Fergani (Alfraganus) to Ab- 
durrahman Sufi and Ebn-Junis (that is, from 880 to 1007), 
and from Ebn-Junis^ to Nassir-Eddin and Ulugh Beg (from 
1007 to 1437). 

El-Fergani (properly Mohammed Ebn-Eethir El-Fergani )» 
who conducted astronomical observations in the middle of 
the tenth century at Rakka ( Ai^acte) on the Euphrates, in- 
dicates as red stars {$telke ruffce of the old Latin translation 
of 1590) Aldebaran, and, singularly enough,* Capella, which 
is now yellow, and has scarcely a tinge of red, but he does 
not mention Sirius. If at this period Sirius had been no 
longer red, it would certainly be a striking fact that El-Fer- 

* In Muhamedu Alfragani Ckronologica et AHronomiea Eletnentaj ed. 
Jacobils ChristmannuB, 1590, cap, 22, p. 97, we read, " Stella rufi^ in 
Tauro Aldebaran ; Stella ruffit in QeminU qu» appellatur Hafok, hoc 
est Capra." AlhajoCi Aijuk are, however, the ordinanr names for Ca- 
pella AurigsB, in the Arabic and Latin Almagest. Ar^elander justly ob- 
idnres, in reference to this sulject, that Ptolemy, m the astrological 
work (Terpd5(5Aoc ffvvrdf tf V the genuine character of which is testis 
fied by the style as well as by ancient evidence, has associated planets 
with stars according to similarity of color, and has thns connected Mar- 
tis Stella, Qua urit neut congndt igneo ipsius eolorif with Auriga) Stella, 
or Capella. (Compare Ptol., Quadripof^. Con^ntct.f libri iv., Basil, 
1551, p. 383.) Riccioli (Altnagestum Novumf ed. 1650, toin. i., pars i.^ 
lib. 6, cap. 2, p. 394) also reckons Capella, together with Antares,'A]de- 
bann, and Aictimis, among red staiv. 
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gani, who invariably follows Ptokmy, should not heia indi- 
ciate the change of color in so celebrated a star. Negative 
proofs are, however, not often conclusive, and, indeed, £1* 
Fergani makes no reference in the same passage to the color 
of Betelgeux (a Orionis), which is now red, as it was in the 
age of Ptolemy. 

It has l<mg been lusknowiedged that, of all the brightest 
luminous fixed stars of heaven, Sirius takes the first and most 
important place, no less in a dhronological point of view than 
through its historical association with the earliest development 
of human civilization in the valley of the Nile. The era of 
Sethis — the heliacal rising of Sothis (Sirius)— ron which Biot 
has written an admirable treatise, indicates, according to the 
most recent investigations of Lepsius,* the complete arrange- 
ments of the Egyptian calendar into those ancient epochs, in- 
eluding nearly 3800 years before our era, " when not only the 
summer solstice, and, consequently, the t^eginning of the rise 
of the Nile, but also the heliacal rising of Sothis, fell on the 
day of the first water*month (or the first Pachon).'' I will 
collect in a note the most recent, and hithetto unpublished, 
etymological researches on Sothis or Sirius from the Coptic, 
Zend, Sanscrit, and Greek, which may, perhaps, be accept- 
able to those who, from lov^ for the history of astronomy, seek 
in languages and their affinities monum^its of the earlier 
conditions of knowledge.f 

* See Chronologic der jEgypter, by Bichard Lepsius, bd. i., 1849, r. 
190-195, 313. The complete arrapgement of tbe Egyptian calendar is 
referred to the earlier part of the year 3285 before our era, i. «.., about 
a centary and a half after the bmlain|[ of the mat pyramid of Cheops- 
Chain, andd40 years before the period generam' assigned to the Deluge. 
(Compare Cosmos, rol. ii., P. Il4, 115, note.) In the calcolations based 
on the circumstance of Colonel Vyse having found that the inclination 
of the narrow subterranean passage leading mto the interior of tbe pjr> 
amid very neaxiy corresponded to the angle 26^ 15'/ which in the time 
of Cheops (ChnfcO was attained by tbe. star a Draconis, which indicated 
tbe^pole, at its inferior culmination at Gizeh, the date of the building of 
the pyramid is not assumed at 3430 B.C., as given in Cosmos according to 
Letronne, but at 3970 B. C. ( Outlines of Astr., $ 319.) This difference 
of 540 years tends to strengthen the assumption that a Prac. was re- 
mrded as the pole star, as in 3970 it was still at a distance of 3^ 44' from 
me poje. 

1 1 have extracted tbe following bbservationit from letters addressed 
to me by^ Professor Xiepsius (February, 1850). ** l^he Egyptian name 
of Sirius is So^iSf designated as a female star ; hence ^ Xuuic is identi- 
iSed in Greek with the goddess Sote (more frequently Sit in hieroglyph- 
ics), and in the tempfoof the sreat Ramses at Thebes with Isis-Sothis 
<Lepnus, Ckron, sUr jBff^pter,iyd, i., s. 1 19, 136). The signification of 
the root is found io Coptic, and is dlied wl^ a numeroa* fiunily of words^ 
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Besides Sifius, Vega, Deneb, Regulus, and Spica are at the 
present time decidedly white ; and among the small double 

the members of which, although they apparently differ very widely from 
each other, admit of being arranged somewhat in the following order. 
By the three-fold transference of tne verbal signification, we obtain from 
the original meaning, to throw out — projieere (sagitlamt telumy^^nt, 
teminare, to sow ; next, eztendere, to extend or spread (as span threads) ; 
and, lastly, what is here most important, to rttdiate light and to shine 
(as stars and fire). From this series of ideas we may deduce the names 
of the divinities, ScOis (the female archer); Sothisy the radiating, and 
Sethf the fiery. We may also hi^ro^lyphically explain sit of seti^ the 
arrows as well /is the ray ^ setOf to spin ; setut scattered seeds. Sothjs 
is (sspecially the brightly rcidiating, the star regulating the seasons of 
the year and periods of time. The small trianp[le, always represented 
yellow, which is a symbolicfd sign for Sothk, is used to designate the 
radiating snn when arranged in numerous triple rows issuing in a down* 
ward direction from the sun's disk. 8eth is the fiery scorcning god; in 
contradistinction to the warming, fructifying water of the Nile, the god- 
dess Satis who inundates the soiL She is also the goddess of the cat- 
aracts, because the overflowing of the Nile began with the appearance 
of Sothis in the heavens at the summer solstice. In Vettius Valens the 
•tar itself is called "LtiO instead of Sothis; but neither the name nor the 
subject admits of our identifying Thoth with Seth or Sothis, as Ideler 
has done. {Handbudi der Chronologie, bd. i., s. 126.)" (Lepsius, bd. 
i.,s. 136.) 

I will close these observations taken from the early Egyptian periods 
with some Hellenic, Zeod, and Sanscrit etpiologies^ "itipt the sun,'' 
says Professor Franz, ''is an old root, differing only in pronunciati<m 
from ^ep, ^ipoct heatf summer ^ in which we meet with the same chuige 
in the vowel sound as in rslpo^ and ripo^ or repaf . The correctness of 
' these assigned relations of the radicals aslp and i^ep, "^ipoi^ is proved 
not only oy the employment of ^epelraro^ in Aratus, v. 149 (Ideler, 
Stemnamefif s. 241), but also by the later use of the forms aelpoct cei* 
pio^j and aeipivd^t hot, burning, derived from aeip. It is worthy of no- 
tice that oeipa or ^eiptva Ifidrta is used the same as ^epivd Ifidria, light 
summer clothing. The form oelptoc seems, however, to have had a wider 
application, for it constitutes the ordinary term appeilded to all stars in- 
fluencing the summer heat: hence, according to the version of the poet 
ArchilocbuSj the sun. was aelpiog d(rTTfp, while Ibycus calls the stars gen- 
erally eelpia, luminous. It can not be doubted that it is the sun to which 
Archilochus refers in the words noXXov^ (iJh airov^ aelpiof Karavavel o^vf 
i^XdfitrtJv. According to Hesychius and BmdaB, Xelpiog does indeed 
signify both the sun and the Dog-star ; but I fiilly coincide with M. Mar- 
tin, the new editor of Theon of Smyrna, in beaeving that the passage/ 
of Hesiod {Opera et Dies, v. 417) refers to the sun, as maintained by 
Tzetzes and Proclus, and not to the Dog-star. From the adjective (ret- 
pio^t which has estabUdbed itself as the ' epitheton perpetuum* of the 
Dog-star, we derive the verb €eipi6v, which may be translated ' to 
sparkle. ' Aratus, v. 33 1 , says of Sirius, b^ia aeiptdei^ * it sparkles strong, 
ly.' When standing alone, the word ^etpnv^ the Siren, has a totally di& 
ferent etymology ; and your conjecture, that it haB merely in accidental 
similarity of sound with the brightly shining star Sinus, is perfectly woU 
, founded. The opinion of those who, according to Theon Smynueus 
' (Liber de Aslronomia, 1850, p. 202), derive leipjv fix)m atipiaQuv (a 
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stars, Struve enumerates about 300 in^hioli both stars are 
•white.* Procyon, Atair, the Pole Star, and more -especially 
/3 Ur88B Min. have a more or less decided yellow light. We 
have already enimierated among the larger red or reddish stars 
Betelgeux, Arcturus, Aldebaran, Antares, and Pollux. Riim- 
^er finds y Crucis of a fine fed color, and my old friend, Cap- 
tain B6rard, who is an admirable observer, wrote from Mada- 
gascar in 1847 that he had for some years seen a Crucis grow- 
ing red. The star 97 Argus, which has been rendered cele- 
brated by Sir John Herschel's observations, and to which I 
shall soon refer more circumstantially, is undergoing a change 
in color as well as in intensity of hght. In the year 1843, 
Mr. Mackay noticed at Calcutta that this star was similar in 
color to Arcturus, taoA was thei^fore reddish yellow ;t but in 
letters from Santiago de Chili, in Feb., 1850, Lieutenant Gril- 
liss speaks of it as being of a darker color than Mftrs. Sir 
John Herschel, at the conclusion of his Observations at the 
Cape, gives a list of seventy-six ruby-colored small stars, of 
the seventh to the ninth magnitude, some of which appear 
in the telescope like drops of blood. The majority of the vari- 
able stars are also described as red and reddish,! the excep-. 

moreoyer anaccredited form of aeiptav), is likewise entirely erroneoaa* 
While the motion of heat and light is implied by the expression aelpioc, 
the radical of the word ^etptfv represents the flowing tones of this phe- 
nomenon of nature. It appears to- me probable that leiptjv is conneot- 
ed with etpHv (Plato, CratyL, 398, D, to yap dpeiv Xiyeiv iaH), in which 
the original sharp aspiration passed into a hissing sound.'' v.^rom let- 
ters of ProfPranz to me, January, 1850.) 

The Greek Setp, the sun, easily admits, according to Bopp, " of be- 
ing associated with the Sanscrit word tvar, which does not indeed sig- 
nify the sun itself, but the heavens (as something shining^. The ord)» 
nar^ Sanscrit denomixiation for the smi is twrya, a contraction of tvdrya^ 
which is not used. The root evar signifies in general to shine. The 
Zend designation for the sun is hvaref with the h instead of the «. The 
Greek ^rp, ^ipo^t and ^epfto^ comes from the Sanscrit word f^harma 
(Nom, gkarma»Yf warmth, heat/' 

The acute editor of the Rigveda, Max Mailer, observes, that ** thei 
special Indian astronomical name of the Dog-star, Lubdhah^f which sig- 
nifies a hunter, when considered in reference to the neighboring con- 
stellation Orion, seems to indicate an ancient Arian community of ideas 
regarding, these groups of stars." He is, moreover, principally inclined 
** to derive 'Letpio^ f^m the Veda wotd Hra (whence the adjective sair- 
ya) and the root tri, to go, to wander ; so that the sun and the bright- 
est of the stars, Sirius; were originally called wandering stars.*' (Com- 
pare also Pott, Etymologisehe Forsehvngen, 1833, s. 130.) 

* Struve, SteUaruin eompoHtarum Mensura Mieromelriea, 1837, p. 
Ixxiv. et Ixxxiii. 

t Sir John Herschel, Obter^ationi at.tkt Cape, p. 34« . 

X Madler's Attronomie, s. 436. 
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tioiu being Algok in Caput Meduiie, P Lyr» and e Anxiga^ 
which have a pure white light. Mira Ceti, in which a pe- 
riodical change of light was fint recognized, has a strong red- 
dish light ;* but the variability observed in Algol and p Lyre 
proves that this red color is not a necessary condition of a 
change of light, since many red st^zs are not variable. The 
faintest stan in which colors can be distinguished belong, ac- 
cording to Struve, to the ninth and tenth magnitudes. Blue 
Stan were first mentioned by Mariotte,t 1686, in his Traiti 
des Cauleurs, The light of a Lyne is bluish ; and a smaller 
stellar mass of 3^ minutes in diameter in tiie southern hem- 
isphere consists, according to Dunlop, of blue stars alcme. 
Ammg the double stars there are many in which the princi- 
pal star is white, and the c(»npanion blue ; and some in which 
both stars have a blue light| (as 6 Serp. and 59 Androm.). 
Occasionally, as in the stellar swarm near s of the Southern 
Cross, which was mistaken by Lacaille for a nebulous spot, 
more than a hundred variously-colored rod, green, blue, and 
bluish-green stars are so closely thronged together that they 
appear in a powerful telescope " like a superb piece of fancy 
jeweb^r.^'i 

The ancients believed they could recognize a remarkable 
83rmmetry in the arrangement of certain stars of the first 
magnitude. Thus their attention was especially directed to 
the four so-called regal stars, which are situated at oppo- 
site points of the sphere, Aldebaran and Antares, Regulus 
and Fomalhaut. We find this regular arrangement, of 
which I have already elsewhere treated, H speciaUy referred 
to in a late Roman writer, Julius Firmieus Matemus,ir who: 
belonged to the age of Constantino. The difieiences of 
right ascension in these regal stars, stdks regales, are lib. 
57m. and 12h. 49m. The importance formerly attached to. 
this subject is probably owing to opinions transmitted from, 
the East, which giuned a footing in the Roman empire un- 
der the Caesars, together with a strong national predilection 
for astrolc^. The leg, or north ^tair of the Great Bear (the 
celebrated star of the Bull'i^ leg in the astronomical repre- 

* Co9mo0f vol. ii., p. 330. t Aragp, ^i»ntMi»r« /)0tfrl843, p. 348*. 

I Strove, St^la camp., p. Izxxil. 

i Sir John Henchel, ObsenKtUan^ at the Cape, p. 17, 102. (« liebulm 
and Cluttert, No. 3435.") 

II Humboldt, Vaes tkt CordilUre§ et M<mummt dei PeupUt Indigenes 
de VAmirique, torn, ii., p. 55. 

IT JuHi Firmid MiUemi JMron^liha viii., Basil, 1551, lib. vi., cap. 
i., p. 150. 
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pentqitiMui of Dendera, and in the Eg3rptifln^ Book of the 
Dead), is perhapi the star indicated in an obscure passage of 
Job (ch. ix., ver. 9), in which Arctorus, Orion, and the Plei- 
ades are contrasted with " the chambers of the south/' and 
in which the four quarters of the heavens in )jdLQ manner are 
indicated by these four gioujps;* 

While a large and splendid portion of the southern heay* 
ens beyond stars having 53^ S. Decl. were unknown in an- 
cient times, and even in the earlier part of the Middle Ages, 
the knowledge of the southern hemis^^re was gradually 
completed about a century before the mvention and appli* 
cation of the telescope. At the time of Ptolemy there were 
visible on the horizon of Alexandria, the Altar, the feet of 
the Centaur, the Southern Cross, then included in the Cen- 
taur, and, accoiding to Pliny, also called CcBsaru Thronus, 
in honor of Augustus,! and Canopus (Canobus) in ArgOj 
which is called Ftclemceon^y the scholiast to GermanicUs.l 

'Lepsios, Chranohder JEgypter, bd. i., 8. 143. In the Hebrew 
text meDtaoH is made af AMchf toe giant (Orion f), the many ttara (the 
Pleiades, GemnU), and "the Ch^mben of the Soath/' The Septua- 
gint gives : 6 noidv 'EXeictda k<u ^Eavepov km 'ApxroOpw au rofuXa 

VOTOV. 

The early English translators, like the Oermans and l>Qtch, nnder^ 
stdod the first group referred to in the verse to signify the stars in the 
Gkaat Bear. Thus we find in Cdverdale's version, ** He maketh the 
waynes of heaven, the Orions, the vii. stars, and liie secret places of 
the south.''— Adam Clarke's Commentary on the Old re»toin«n<.— (Tr.) 

t IdeleT; Stemnamen, a. 295. 

t Martianus Capella changes Ptolemaon into Ptolematte; both names 
were devised by the flatterers at the court of the E^ptian sovereigns. 
Amerigo V enpncci thought he had seen three Canopi, one of which was 
quite £rk {/otco ), Canopttt mgene et lUger of the Latin translation ; most 
. probably one of die black coal-sacks. (Humboldt, JEheamen Crit. de 
la Oiogr,, torn, v., p. 227, 229.) In the above-named Elem, Ckronol, 
et AetronJhy El-Fergani (p. 100), it is stated that the Christian pilgrims 
used to call the Sohel of the Arabs (Canopus) v^e star of St. Catharine, 
because they had the gratification of observing it, and admiring it as a 
guiding star when they journeyed from Gaza to Mount Sinai. In a fine 
episode to the Bamayana, the oldest heroic poem of Indian antiquity, 
the stars in the vicinity of the South Pole ate declared for a singular 
reason to have been inore recentljr created than the nor&em. When 
Brahminical Indians were emigrating from the northwest to the coun> 
tries around the Granges, firom we 30th decree of north latitude to the 
lands of the tropics, where they subjected the original inhabitants to 
their dominion, they saw nnknown- stars rising above the horizon as 
they advanced toward Ceylon. In accordance with ancient practice, 
they combined these stars into new constellations. A bold fiction rep- 
resented the later-seen stars as halving been subsequently created by 
the miraculous power of Yisvaihitea, who threatened '' the ancient eods 
that be would overcome thci northern liemisphere with hii more richly- 
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In the catalogue of the Ahnagest, Achemar, a star of thd 
first magnitude, the last in Eridanufl (Achir el-nahr, in 
Arabic), is also given, although it was 9^ below the hori- 
zott. A report of the existence of this star must therefore 
have reached Ptolemy through the medium of those who had 
made voyages to the southern parts of the Red Sea, or be* 
tween Ocelis and the Malabar emporium, Muziris.* Though 
improvements, in the art of navigation led Diego Cam, to- 
gether with Martin Behaim, along the western coasts of Af* 
rica, as early as 1484, and carried Bartholomew Diaz in 
1487, and Gama in 1497 (on his way to the East Indies), 
far beyond the equator, into the Antarctic Seas, as far as 
35^ soutfi lat., the first special notice of the large stars and 
nebulous spots, the first description of the *' Magellanic 
clouds" and the " coal-sacks," and even the fame of " the 
wonders of the heavens not seen in the Mediterranean," be- 
long to the epoch of Vicente Yanez Pinzon, Amerigo Ves- 
pucci, and Andrea Corsali, between' 1500 and 1515. The 
distances of the stars of the southern hemisphere -weiejaeas^ 
ured at the close of the sixteenth and the beginning of the 
seventeenth century.f 

Laws of relative density in the distribution of the fixed 
stars in the vault of heaven first began to be recognized 
when Sir William Herschel, in the year 1785, conceived 
th^ happy idea of counting the number of stars which passed 

■tarred sonthem hemisphere/* (A. W. von Schlegel, in fhe ZeUschrift 
fur die Kunde des Morgeniandety bd. i., s, 240.) While this Indian 
myth figuratively depicts the astonishment excited in wandering na- 
tions by the aspect of a new heaven (as the celebrated Spanish poet, 
Garcilaso de la Vega, says of travelers, ** they change at once their coun- 
try and stars,'' mudan de pay* y de estreUas)^ vre are powerfully re- 
minded of the impression that must hiave been excited, even in the 
rudest nations, when, at a certain part of the earth's surfiEice, they ob- 
served large, hitherto nnseen stars appear in the horizon, as those in 
the feet of the Centaur, in the Southern Cross, in Eridanns or in Areo, 
while those with whic^ they had been long familiar at home wholly 
disappeared. The fixed stars advance toward us, and again recede, 
owing to the precession of the equinoxes. We have already mentioned 
that the Southern Cross was 7° above the horizon, in the countries 
around the Baltic, 2900 years before our era; at a time, therefore, when 
the great pyramids had already existed fivd hundred years. (Compare 
Co9fno8f vol, i., p. 149, and vol. ii., p. 282.) ** Cflinopus, on the other 
hand, can never have been visible at Berbn, as its distance from Uie 
south pole of the ecliptic amounts to only 14^. It would have required 
a distance of 1° more to bring it within the limits of visibility for our 
horizon." * C<?«wM, vol. ii., p. 571, 572. 

t OlbexB, in Schumacher's Jahrb. fAr 1840, s. 249, and Cosmos^ vol. i., 
p. 51. 
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at different heights and in yarious directions over the field 
of view, of 15' in diameter, of his twenty-feet reflecting tel- 
escope. Frequent reference has already been made in the 
present work to his laborious process of ** gauging the heay« 
ens.". The field of view each time embraced only ^^^^^^th 
of the whole heavens ; and it would therefore require, ac- 
cording td Struve, eighty*three years to gauge the whole 
sphere by a similar process.* In, investigations of the par- 
tial distribution of stars, we must specially consider the class 
of magnitude to which they photometrically belong. If we 
limit our attention Jtt> the bright stars of the first three or 
four classes of magnitudes, we shall find them distributed on 
the whole with tolerable uniformity,! although in the south- 
em hemisphere, from e Orionis to a Grucis, they are locally 
crowded togetheif in a splendid zone in the direction of a 
great circle. The various opinions expressed by different 
travelers on the relative beauty of the northern and south- 
em hemispheres, frequently, I believe, depends wholly on the 
circumstance that some of these observers have visited the 
southern regions at a period of the year when the finest por- 
tion of the constellations culminate in the daytime. It fol- 
lows, from the gaugings of the- two Herschels in the north- 
em and southern hemispheres, that the fixed stars from the 
fiiilh f^ld sixth to the tenth and fifteenth magnitudes (par- 
ticularly, theref(»re, telescopic stars) increase regularly in 
density as we approach the galactic circle (6 yaXa^iac kv- 
K^og) ; and that there are therefore poles rich in stars, and 
Qthers poor in stars, the latter being at right angles to the 
principal axis of the Milky Way. The density of the stellar 
light is at its minimum at the poles of the galactic circle ; 
and it increases in all directions, at first slowly, and then rap- 
idly, in proportion to the increased galactic polar distance. 
By an ingenious and careful consideration of the results 
of the gauges already made, Struve found that on the average 
thiere are 29*4 times (nearly 30 times) as many stars in the 
center of the Milky Way as in regions surrounding the ga- 
lactic poles. In northern galactic polar distances of 0^, 30°, 
60°, 75°, and 90°, the relative numbers of the stars in a tel- 
escopic field of vision (^15' diameter are 4*15, 6*52, 17*68, 
30*30, and 122*00. Notwithstanding the great similarity 
in the law of increase in the abundance of the stars, we 
again find in the comparison of these zones an absolute pre- 

* EUidei iPAftr. Stdtctire, note 74, p. 31. 
+ OuUineB of JLttr,, $ 785. 



Digitized by LjOOQ IC 



140 OO0IIO0. 

pondennce* on the lUe ^ the more beautiful aouthera 
heayens. 

When itt 1843 I lequeeted Captam Sehwinck (of the £n- 
gineexs) to commuHicate to me the distribution acoording to 
light ascension of the 12,146 stars {from the first to the sev- 
enth inclusive), whii^, at Bessel's suggestion, he had noted 
in his Mappa CcdeUU, he found in lour groups — 
BiS^t AseennoB, 60° to 140"" 3147 stars. 
140** 230*» 2627 " 
230° 31K)° 3523 " 
320° 50° 2851 ," 
These groups o(nrfespond with the more exact results of the 
Etudes Stellairei, according to which the maxima of stars 
of the first to the ninth magnitade occur in the right ascen- 
sion 6h. 40m. and. 18h. 40m., and the minima in the right 
ascension of Ih. 30m. and 13h. 30m.t 

It is essential that, in reference to the ccmjectural struc- 
ture of the universe and to the position or depth of ^ese 
strata of conglomerate mattor, we should distinguish among 
the countless number of stars with which the heavens are 
ttudded, those which are scattered sporadically, and those 
which occur in separate, independent, and crowded groups. 
The latter are the so-called stellar dusters or stcarms, which 
frequently contain thousands of tetescc^ic stars in recogniza- 
ble relations to each other, and which appear to the unaided 
eye as round nebukB, shining like comets. These are, the 
nebulous stars of Eratosthenes^ and Ptolemy, the riebulostx 
of the Alphonsine Tables in 1483, and the same of which 
Galileo said in the Nundus Sidereus, '* 8icut areol» spar- 
sim per asthera subfulgent." 

These clusters of stars are either scattered separately 
throughout the heavens, or closely and irregularly crowded 
together, in strata, as it were, in ihB Milky Way, and in the 
Magellanic clouds. The greatest accumulation of globular 
clusters, and the most inqiortant in reference to the config"- 
uration of the galactic circle, ^occurs in a region <^ the aouth- 
em heavens4 between Corona Austrdlis, Sagittarius, the 

* Op, eU., i 795, 7ftB; Strave, Etudes d'Astr. Stett,, p. 66, 73 (and 
note 75). 

t Strove, p. 59. Schwinek finds in his maps, B. A. 0O.90°, sg58 
stars; HA. 90O-180O, 3011 stars ;'B. A. 180O-270O, 2688 stars; R. A. 
fi70°'36(P, 3591 stars ; sum total, 12,148 stars to the seventh masnitu.le. 

t Oa the nebala in the right hand of Perseas (near the hilt of his 
Bword), see Bratosth., CaUuLt c. 22, p. $1, Schanbach. 

i John Henchers Obiervationt atHu Cape, $ 105, p. 136. 
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tail of Scorpio, sad the Altar (R. A. I6h. 45in.-191i.). All 
clusters in and near the Milky Way are not, however, round 
and globular ; there are many of irregular outline, with but 
few stars and not a very dense center. In many globular 
dusters the stars are uniform in magnitude, in others they 
vary. In some few cases they exhibit a fine reddish cen- 
tral star* (R. A. 2h. 10m. ; N. Decl. 56* 21'). It is a dif- 
ficult problem in d3riiamic8 to uiiderBtand how such island- 
worlds, with their multitude of suns, can rotate free and un- 
disturbed. Nebulous spots and dusters of stars appear sub- 
ject to different laws in th^ir local distribution, although the 
former are now very generally assumed to consist of very 
small and still more remote stars. The recognition of these 
laws must specially modify the conjectures entertained of 
what has been boldly termed the '* structure of the heav- 
ens." It is, moreover, worthy of notice, that, with an in- 
strument of equal aperture and magnifying power', round 
nebulous spots are more easily resolved into clusters of stars 
than oval ones.f 

I will content myself with naming the following among 
the isdated systems of clusters and sw<urms of stars. 

The Pleiades : doubtless known to the rudest nations from 
tile earliest times; the mariner's stars — Pleias, aTrd rov 
TfXtlv (from TrAc^y, to sail), acoordiBg to the etymology of 
the dd scholiast of Aratus, who is {nrobably more correct than 
those modem writers who would derive the name from irXeo^, 
plenty. The navigation of the Mediterranean lasted from 
May to the beginning of November, from the early rising to 
thd early setting of the Pleiades. 

Pr»sepe in Cancer; according to Pliny, imbecida quuirft 
PrcBsepia tocant inter AmUos, a ve^kiw of the Pseudo- 
Eratosthenes. 

The duster of stars on the sword-hilt of Perseus, frequent- 
ly mentioned by Greek astroitomers. 

Coma Bemiiees, like the three former, visible to the naked 
eye. 

A cluster of stars near Arcturus (No. 1663), tdestopic : 
R. A. 13h. 34m. 12s.» N. Decl. 29° 14' ; more than a thousand 
stars from the tenth to the twelfth magnitude. 

Cluster d* stars between $1 and ^ Herculis, visible to the 
naked eye in dear nights. A ma^iificent object in the tel- 
escope 0Xt>. 1968), with a singular radiating margin ; R. A« 

« OvUineg, $ 864-869, p. 591-596 ; Midler'a Attr.y b, 764. 
f ObtervaUo^ at the Cape, $ 29, p. 19« 
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16h. 35m. 378., N. Decl. 36'' 47' ; fint described by Halley 
ia 1714. 

A cluster of stars near Ci> Centauri ; described by Halley as 
early as 1677 ; appearing to the naked eye as a round cometio 
object, almost as bright as a star of the fourth or fifth magni- 
tude ; in poweriiil instruments it appears composed of count- 
less stars of the thirteenth to the fifteenth magnitude, crowd- 
ed together and most dense toward the center ; R. A. 13h. 
16m. 388., 8. Decl. 46"" 35' ; No. 3504 in Sir John Herschers 
catalogue of the clusters of the southern hemisphere, 15' in 
diameter. {Observations tU the Cape, p. 21, 105 ; Outlines 
ofAstr., p. 595.) 

Cluster of stars near k of the Southern Cross (No. 3435), 
composed of many-colored small stars from the twelfth to the 
sixteenth magnitude, distributed over an area of ^th of a 
square degree ; a nebulous star, according to Lacallle, but 
so completely resolved by Sir John Herschel that no nebulous 
mass remained ; the central star deep red. {Observations 
at the Cape, p. 17, 102, pi. i., fig. 2.) 

Cluster of stars, 47 Toucani, Bode ; No. 2322 of Sir John 
HerscheFs catalogue, one of the most remarkable objects in 
the southern heavens. I was myself deceived by it for sev- 
eral evenings, imagining it to be a comet, when, on my ar- 
rival at Peru, I saw it in 12° south lat. rise high above the 
horizon. The visibility of this cluster to the naked eye is in- 
creased by the circumstance that, although in the vicinity 
of the lesser Magellanic cloud, it is situated in a part of the 
heavens containing no stars, and is from 15' to 20' in diam- 
eter. It is of a pale rose color in the interior, concentrically 
inclosed by a white margin composed of small stars (four- 
teenth to sixteenth magnitude) of about the same magnitude, 
and presenting all the characteristics of the globular form.* 

A cluster of stars in Andromeda's girdle, near v of this con- 
stellation. The resolution of thia celebrated nebula into small 
stars, upward of 1500 of which have been recognized, apper- 
tains to the most remarkable discoveries in the observing as- 
tronomy of the present day. The merit of this discovery is due 
to Mr. Creorge Bond, assistant astronomerf at the Observatory 

* **A stupendoas object — a most magnificent globular claster," says 
Sir John Herecbel, " completely insulated, upon a groand of the iky per- 
fectly black throvL^hcfat the whole breadth of the Bweep.^^-^Obeervatione 
at the Cape, p. IS and 51, PI. iii., fig. 1 ; Outline; $ 895, p. 615. 

t Bond, in the Memoire of the American Academy of Arte and Sciences, 
new geries, vol. iii., p. 75. 
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of Cambridge, United States (March, 1848), and testifies to 
the admirable illuminating power of the refractor of that Ob- 
servatory, which has an olgect-glass fifteen inches, in diam- 
eter ; since even a reflector with a speculum of eighteen inch- 
es in diameter did not reveal " a trace of the presence of a 
star. "5 Although it is probable that the cluster in Adrom- 
eda was, at the close of the tenth century, already recorded 
as a nebula of oval form, it is more certain that Simon Mar 
rius (Mayer of Guntzenhausen), the same who first observed 
the change of color in scintillation,t perceived it on the 1 5th 
of December, 1612 ; and that he was the first who described 
it circumstantially as a new starless and wonderful cosmical 
body unknown to Tycho Brahe. Half a century later, Bouil- 
laud, the author of Astronomia I*hilolaicay<icc\ipied himself 
with the same subject. This cluster of stars, which is 2^^ 
in leujg^th and more than 1^ in breath, is specially distinguish* 
ed by two remarkable very narrow black streaks, parallel to 
each other, and to the longer axis of the cluster, which, ac- 
cording to Bond's investigations, traverse the whole length 
like fissures. This configuration vividly reminds us of the 
singular longitudinal fissure in an unresolved nebula of the 
southern hemisphere. No. 3501, which has been described 
and figured by Sir John Herschel. (Observations at the 
Cape, p. 20, 105, pL iv., fig. 2.) 

Notwithstanding the important discoveries for which we 
are indebted to Lord Rosse and hb colossal telescope, I have 
not included the great nebula in Orion's belt in this selection 
of remarkable clusters of stars, as it i^peared to me more ap* 
propriate to consider those portions of it which have been re- 
solved in the section on Nebulce. 

The greatest accumulation of clusters of stars, although 
by no means of nebuks, occurs in the Milky !Wayt {GralaadaSf 

• ChUKnes, J 874, p. 601. 

t Delambre, HiU, de PAsir, Modemei t. i., p. 697. 
• t We are indebted for the first and only complete description of the 
Milky Way, in both hemispheres, to Sir John nerschel, in his RetuUs 
of Astronomical Observations^ made during the year« 1834-1838, at the 
Cape of Good Hope,^ 316-335, and still more recently in the Outlines 
of Astronomy, $ 787-^799. Throughout the whole of th^t section of the 
Cosmos whsbh treats of the directions, ramifications, and various con- 
tents of the Milky Way, I have exclusively followed the above-named 
astronomer and physicist. (Compare also Strove, Etudes d'Astr. Stel- 
laire, p. 35-79; Madler, Aet,, 1849, $ 213; Cosmos, vol. i., p. 103, 150.) 
I need scarcely here remark that in my description of the Milky Way, 
in order not to confuse certainties with uncertainties, I have not refer- 
red to what I had myself observed with instrumeiito of a very inferior 
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the celestial nrti of tlie Arabs*), wliich forms alnioet a great 
circle of the sphere, and is inclined to the equator at an an- 
gle of 63^ . The poles of the Milky Way are situated in Bight 
Ascension llMi. 47m., N. Decl. 27° ; and R. A. Oh. 47m., 8. 
Decl. 27^ ; the south galactic pole therefore lies near Coma 
Berenices, and the northern between Phosnix and Cetus. 
While all planetary local relations are referred to the eclip* 
tic — ^the great circle in which the plane of the sun's path in- 
tersects tibe sphere — we may as conTeniently refer many of 
the local relations of the fixed stars, as, for instance, that of 
their accumiilatioa or grouping, to the nearly complete circle 
of the Milky Way. Considered in this light, the latter is to 
the sidereal world what the ecliptic is to the planetary world 
of our solar system. The Milky Way cuts the equator in 
Monoceros, between Procyon and Sinus, R. A. 6h. 54m. (for 
1800), and in the left hand of Antinous, R. A. 19h. 1dm. 
The Milky Way, therefore, divides the cel^tial iqthere into 
two somewhat unequal halves, whose areas are nearly as 8 
to 9. In the smaller portion lies the vernal solstice. The 
Milky Way varies considerably in breadth in difierent parts 
of its course. t At its narrowest, and, at the same time, most 
brilliant portion, between the prow of Argo and the Cross, 
and nearest to the Antarctic pole, its width is scarcely 3° or 
4° ; at other parts it is 16°, and in its divided portion, be- 
tween Ophiuchus and Antinous, as much as ^2°.| William 
Herschel hiw observed that, judging from his star-gaugings, 
the Milky Way would appear in many regions to have 6° or 
7° greater width than we should be disposed to ascribe to 
it from the extent of stellar brightness visible to the naked 
eye."§ 

Huygens, who examined the Milky Way witJi his twenty- 
three feet refractor, declared, as early as the year 1656, that 
the milky whiteness of the whole Gralactic zone was not to 

iQimiiiui^g. power, in reference to the very great ineqnality of the 
light of the whole some, daring my long iMidence in the aoalheili heo»> 
Mphere, and wMcfa I have recorded in my jonmals. 

* The compariBon of the ramified Milky Way with a oeleitiil river 
led the Arabs to designate parts of ^ constellation of Sagittarina, whose 
how fidk in a region rich in stars, as the eaUle going to drink, and to 
associate with them the ostrich, which has so little need of water. (Ide> 
ler, Untettuckungen &ber den tlrgpnmg und die Bedeutung der Stamina- 
metif ^ 78, 183, and 187 ; Niebuhr, Be$eHreibfmg wn Aridntn, s. 113.) 

t Outlmet, p. 529 ; Schnbert, Ast-^ th. iii., s. 71. 

t Strove, Etudes d^Attr. SteHawe^ p. 41. 

f Caemoe, vol. i., p. ISO. 



Digitized by LjOOQ IC 



MILKY WAY. 145 

Be ascribed to irresolvable nebulosity. A more careful ap- 
plication of rejecting telescopes of great dimensions and pow- 
er of light has since proved, with more certainty, the cor- 
rectness of the conjectures advanced by Democritus and Ma- 
nilius, in reference to the ancient path of Phaeton, that this 
milky glimmering light was solely owing to the accumu- 
lated strata of small stars, and not to the scantily inter- 
spersed nebul». This efiusion of light is thc/Same at points 
where the whole can be perfectly resolved into stars, and 
even in stars which are projected on a black ground, wholly 
free from nebulous vapor.*" It is a remarkable feature of 
the Milky Way that it should so rarely exhibit any globular 
clusters and nebulous spots of a regular or oval form ;t while 
both are met with in great numbers at a remote distance 
from it ; as, for instance, in the Magellanic clouds, where 
isolated stars, globular dusters in aU conditions of condensa- 
tion, and nebulous spots of a definite oval or a vi^olly irreg- 
ular form, are interming^led. A remarkable exception to 
the rarity of globular clusters in the Milky Way occurs in a 
region between R. A. 16h. 45m. and 18h. 44m., between the 
Altar, the Southern Crown, the head and body of Sagitta- 
rius, and the tail of the Scorpion.|: We even find betwe«a 
e and of the latter one. of those annular nebidsB, which are 
of such extremely rare occurrence in the southern hemi- 
sphere. 

In the field of view of powerful telescopes (and we must 
remember that, according to the calculations of Si^r William 

* ** Stare stqnding on a clear black groand.'' {ObserveUums <U the 
CapCj p. 391.) " This remarkable belt (the Milky Way, when exam- 
ined through powerful telescopes) is found (wonderful to relate !) to 
eotuift entirely ofttcare eeattered by milliofu, Hke glittering dust^QA &e 
black gtoundoilhe general heayens.".— Ofcj^imefr p. 18^, 537, 8ndJr3a. 

t ** Olobular elustere, excepting in one region of small ext^i^t (be- 
tween 16h^ 45m. and 19h. in R. A.), and hebula of regular elliptic 
forms f are comparatively rare in the Milky Way, and are firand con- 
gregated in the greatest abandance in a part of the heaven* tfab' most 
remote possible from that circle.'* {OutUnett p. 614.) Hnygens >liim* 
self, as early 88^1656, had remarked the absence of nebulosity obd of 
all nebulous spots in Ihe MilW Way. In the same place wh«re he 
mentions the nrst discovery and delineation of the gr^ nebulous spots 
in the belt of Orion, by. a twenty-ei^ht feet refractor (1656), he says 
(as I have already remarked in vd^ ii., p. 930, and note), viam laeteam 
perepiciUis intpectam nuUat habere nebulae^ and that the Millgr Way, like 
all that has be^n regarded as nebulous stars, is a great cluster of stars 
The passage is to b(p found in Hugenii Opera varia, 1724, p. 593. 

X OheervatioM at the Cape, $ 105^ 107, and 328. On the annular oeb- 
ulae, No. 3686, see p. 114. 

Vol. III.— G 



Digitized by LjOOQ IC 



146 COSMOS. 

Henchel, a twenty-feet instrument penetrates 900, and a 
forty-feet one 2800 distances of Sinus), the Milky Way ap- 
pears as diversified in its sidereal contents as it is irregular 
and indefinite in its outlines and limits when seen by the 
unaided eye. While in some parts the Milky Way exhibits, 
throughout a large space, the greatest uniformity in the light 
and apparent magnitudes of the stars, in others the most 
brilliant patches of closely-crowded luminous points are in- 
terrupted by granular or reticular darker* intervals contain- 
ing but few stars ; and in some of these intervals in the in- 
terior of the Galaxy not the smallest star (of the 18m. or 
20m.) is to be discovered. It almost seems as though, in 
these regions, we actually saw through the whole starry 
stratum of the Milky Way. In gauging with a field of view 
of 15' diameter, fields presenting on an average forty or fifty 
stars are almost immediately succeeded by others exhibiting 
from 400 to 500. Stars of the higher magnitudes often oc- 
cur in the midst of the most minute telescojpic stars, while 
all the intermediate classes are absent. Perhaps those stars 
which we regard as belonging to the lowest order of mag- 
nitudes do not always appear as such, solely on account of 
their enormous distance, but also because they actually have 
a smaller volume and less considerable development of light. 
In order rightly to comprehend the contrast presented by 
the greater brilliancy; abundance, or paucity of stars, it wilJ 
be necessary to compare regions most widely separated from 
each other, t The maximum of the accumulation and the 
greatest luster of stars are to be found between the prow of 
Argo and Sagittarius, or, to speak more exactly, between the 
Altar, the tail of the Scorpion, the hand and bow of Sagit-- 
tarius, and the right foot of Ophiuchus. "No region of the 
heavens is fuller of objects, beautiful and remarkable in 
themselves, and rendered still more so by their mode of as- 
sociation" and grouping.! Next in brightness to this por- 

* ''Intervals abaolutd^ dark and eompUt,ety vdd of any star of the 
smallest telescopic magnitude.''— -Ou/Ztnet, p. 536. 

t " No region of the heavens is fuller of objects, beautiful and re* 
markable in themselves, and rendered still more so by their mode of 
association, and by the peculiar features assumed by the Milky Way, 
which are without a parallel in any other part of its course."— -06t«rts ' 



eutirely coincicuss with the impressions I have myself experienced. 
Capt. Jacob, of the Bombay En^neers, in speaking of the intensity of 
li?ht in the Milky Way, in the vicinity of the Southern Cqpss, remarks 
with striking truth, " Such is the general blaze of starlight near the 
Cross from that part of the sky, that a -person is immediately made 
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tion of the eouthem heavens is the. pleasing and richly-star- 
red region of our northern hemisphere in Aquila and Cyg- 
nus, where the Milky "Way branches off in diffeient direc- 
tions.. While the Milky Way is the narrowest under the 
fodt of the Cross^ the region of minimum brightness (where 
there is the greatest paucity oi stars in the Galactic zone) is 
in the neighborhood of Monoceros and Perseus. 

The magnificent effiJgence of the Milky Way in the south- 
em hemisphere is still further increased by the circumstance 
that between the star ij Argus, which has become so cele- 
brated in consequence of its variability, and a Crucis, under 
the parallels of 59° and 6(X° south lat., it is intersected at 
an angle of 20*^ by the remarkable zone of very large and 
probably very proximate stars, to which belong the constella- 
tions Orion, Canis Major; Scorpio, Centaurus, and the South- 
em Cross. The direction of this remarkable zone is indi- 
cated by a great circle passing through e Orionis and the 
foot of tiie Cross. The picturesque effect of the Milky Way, 
if 1 may use the expression, is increased in both hemispheres 
by its various ramifications. It remains undivided for about 
two fifths of Its length. According to Sir John Herschers 
observations, the branches separate in the great bifurcation 
at a Centauri,* and not at Cent., as given in our maps of 
the stars, or, as was asserted by Ptolemy,t in the constella- 
tion of the Altar; they reunite again in Cygnus. 

In order to obtain a general insight into the whole course 
and direction of the Milky Way with its subdivisions, we 
will briefly consider its parts, following the order of their 
Right Ascension. Passing through y and e Cassiopeia, the 
Mnky Way sends forth toward e Persei a southern branch, 
which loses itself in the direction of the Pleiades and Hyades. 
The main stream, which is here very faint, passes on through 
Auriga, over the three remarkable stars e, '|^, 97, the Hsedi of 
that constellation, preceding CapeUa between the feet of Gem- 
ini and the horns of the Bull (where it intersects the echp- 

aware of its baving risen above the horizon, thongfa he should not be at 
the time looking at the heavens, by the increase of genend illumipatbn 
of the atmosphere, resembling the effect of the young moon.'' (See 
Fiazzi Smyth, On the Orbit of a Centauri, in the Transatt. of the Royal 
Soe. of Edinburgh, YciL tyi.f p. 445.) 

* OuUinet, $ 789, 791 ; Obtervation* at the Cape, $ 325. 

t Almafrest, lib. viii., cap. 2 (t. ii., p. 84, 90, Halma). Ptolemy's de- 
scription IS admirable in somejparts, isspecially when compared with 
Aristotle's treatment of the subject of the Milky Way, in Meteor, (lib. 
i., p. 29, 34, according to Ideler's edition). 
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tic nearly in the solstitial coluie), and thence over Orion's 
club to the neck of Monoceros, intersecting the equinoctial 
(in ldOO).at R. A. 6h. 54m. From this point the brightness 
considerably increases. At the stem of Argo one branch 
runs southward to y Argus, where it terminates abruptly. 
The main stream is continued to 33° S. Decl., where, after 
separating in a fan-like shape (20° in breadth), it again 
breaks off, so that there is a wide gap in the Milky Way in 
the line from y to A Argus. It begins again in a similar 
fan-like expansion, but contracts at the hind feet of the Cen- 
taur and before its entrance into the Southern Cross, where 
it is at its narrowest part; and is only 3° or 4° in width. 
Soon after this the Milky Way again expands into a bright 
and broad mass, which incloses /3 Centauri as well «s a and 
P Crucis, and in the midst of which lies the blapk' pear- 
shaped coal-sack, to which I shall more specially refer in the 
seventh section. In this remarkable region, somewhat below 
the coal-sack, th& Milky Way approachea nearest to the South 
Pole. 

The above-mentioned bifurcation, which begins at a Cen- 
tauri, extended; according to older views, to the constellation 
Cygnus. Passing from a Centauri, a narrow branch runs 
northward in the directioh of the constellation Lupus, wh^e 
it seems gradually lost; a division next shows itself at y 
Norm®. The northern branch forms irregular outlines till 
it reaches the region of the foot of Ophiuchus, where it wholly 
disappears; the most southern branch then becomes the 
main stream, and passes through the Altar and the tail of 
the Scorpion, in the direction of the bow of Sagittarius, 
where it intersects the ecliptic in 276° long. It next runs 
in an irregular patchy and winding stream through Aquila, 
Sagitta, and Vulpecula up to Cygnus ; between e, a, and y, 
of which constellation a broad dark vacuity appears, which) 
as Sir Joh|i Herschel says, is not unlike the southern coal- 
sack, and serves as a kind of center for the divergence of 
three great streams.* One of these, which is very vivid and 
conspicuous, may be traced running backward, as it were, 
through P Cygni and f Aquilae, without, however, blending 
with the stream already noticed, which extends to the foot 
of Ophiuchus. A considerable offset or protuberant append- 
age is also thrown off by the northern stream from the head 

^ • Outlinetf p. 531. Tb© strikingly dark spot between a and y Cas- 
siopeioe is also ascribed to the contrast with the brightness by which it 
is sarrounded. See Struve, Etudes Stell.f note 58. 
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of Cepheus, and therefore near Cassiopeia (from which con- 
stellation we began our description of the Milky Way), to- 
ward Ursa Minor and the pole. 

From the extraordinary advancement which the applica- 
tion of large telescopes has gradually efieeted in our knowl- 
edge of the sidereal contents and of the differences in the 
concentration of light observable in individual portions of the 
Milky Way, views of merely optical projection have been re- 
placed by .others referring rather ^to physical conformation. 
Thomas Wright, of Durham,* Kant, Lunbert, and at first 
also Sir Wilham Herschel, were disposed to consider the 
fonn of the Wilky Way, and the apparent accumulation of 
the stars within this zone, as a consequence of the flattened 
form and unequal dimensions of the taorld4sland (starry 
stratum) in wMch our solar system is included. The hy- 
pothesis of the uniform magnitude and distribulicxi of the 
fixed stars has recently been attacked on many sides. The 
bold and gifted investigator of the heavens, Wm. Herschel, 
in his last works,t expressed himself strongly in favor of the 
assumption of an annulus of stars ; a view which he had 
contested in thetalented treatise he composed in 1784. The 
most recent observations have favored the hypothesis of a 
system of eej^aXe concentric rings. The thidmess of these 
rings seems very unequal ; and the different strata, whose 
combined stronger or fainter light we receive, are undoubt- 
edly situated at very different altitudes, t. e., at very unequal 
distances from us ; hut the relative brightness of the sep- 
arate stars which we estiinate as of the tenth to the six- 
teenth magnitude, can not be regarded as affording sufficient 
data to enable us in a satisfactory manner to deduce numer- 
ically from them the radius of their spheres of distances.^ 

In many parts of the Milky Way, the space-penetrating 
power of instruments is sufficient to resolve whole star- 
clouds, and to show the separate luminous points projected 
on the dark, starless ground of the heavens. We here act- 

* De Morgan hflis given an extract of the extremely rare work of 
Thomas Wright of Durham ( Theory of the Universe, London, 1750), p. 
241 in the Philos, Magfazine, ser. iii., No. 32. Thomas Wright, to whose 
researches the attention of astronomers has been so permanently di- 
rected since the beginning of the present century, through the ingen- 
ious speculations of Kant and WHhajoi Herschel, observed only with a 
reflector of one foot focal length. 

t Pfaff, mAVill. H^erechefs admnUl. SchH/ten, bd. i. (1826), s. 78-81 ; 
Struve, Etudes StelL, p. 35-44. 

X Rucke, in Schumacher's Attr. Nachr., No. 622, 1847, b. 341-^46. 
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ually look through as into free space. " It leads us," says 
Sir John Herschel, "irresistibly to the conclusion that in 
these regions we see fairly through the starry stratum."* 
In other regions we see, as it were, through openings and 
fissures, remote wbrld-islands^ or outbranching portions of the 
annular system ; in other parts, again, the Milky Way has 
hitherto heen fat hornless y even with the forty-feet telescope, t 
Investigations on the difierent intensity of light in the Milky 
Way, as well as on the magnitudes of the stars, which regu- 
larly increase in number from the galactic poles to the circle 
itself (an increase especially observable for 30^ on either side 
of the Milky Way in stars below the eleventh magnitude, t 
and therefore in I^Jths of all the stars), have led the most 
recent investigator of the southern hemisphere to remarkable 
views and probable results in reference to the form of the 
galactic annular system, and what has been boldly called 
the sun's place in the world-island to which this annular 
system belongs. The place assigned to the sun is eccentric^ 
and probably near a point lyhere the stratum bifurcates or 
spreads itself out into two sheets, i in one of those desert re- 
gions lying nearer to the Southern Cross than to the oppo- 
site node of the 'Milky Way.|| "The depth at which our 
system is plunged in the sidereal stratum constituting the 
galaxy, reckoning from the southern surface or limit of that 

* OutHn^t, p. 536, 537, where we 'find the following words on the 
same subject : " In such cases it is equally impossible, not to perceive 
that we are looking through a sheet of stars nearly of a size, and of 
no great thickness compared with the dbtance which separates them 
from us." n 

t Stnive, Etudes StelL, p. 63. Sometimes the largest instruments 
reach a portion of the heavens, in which the existence of a staiTy stra- 
tum, shining at a remote distance, is only announced by "a uniform 
dotting or stippling of the field of view.*' See, in Observations at the 
Cape, p. 390, the section " On somcT indications of very remote tele- 
scopic branches of the Milky Way, or of an independent sidereal sys- 
tem or systems bearing a resemblance to such branches." 

% Observations at the Cape, $ 314. 

$ Sir William Herschel, m the PhOos. Transact, for 1785, p. 21 ; Sir 
John Herschel, Observations at the CapSj § 293. Compare also Struve, 
Vescr. de V Observatoire & PoulkovOy 1845, p. 267-^271. 

II "I think," says Sir John Herschel, **it is impossible to view this 
splendid zone from a Centauri to the Cross without an impression 
amounting almost to conviction that the Milky Way is not a mere stra- 
tum, but aiinular; or, at least, that our system is placed within one of 
the poorer or almost vacant parts of its general mass, and 'that pccen- 
-tricall^, so as to be much nearer to the region about the Cross than to 
that diametrically opposite to it." (Mary Somerville, On the Connee^ 
tioH of % Physical Sciences, 1846, p. 419.) 
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strattun, is about equal to that distance 'Which, on a general 
average, corresponds to the light of a star of the ninth or 
tenth magnitude, and certainly does not exceed that corre- 
sponding to the eleventh. * ' * Where, from the peculiar nature 
of individual problems, measurements and the direct evi- 
dence of the senses fail, we see but dimly those results which 
intellectual contemplation, urged forward by an intuitive im- 
pulse, is ever striving to attain. 



IV. 

NEW STAINS AND STARS THAT HAVE VANIdHED.— VARIABLE STARS, 
WHOSE RECURRING PERIODS HAVE BEEN DETERMINED-— VARIA- 
TIONS IN THE INTENSITY OF THE UGHT OF STARS WHOSE PERI- 
ODICITY IS AS YET UNINVESTIGATED. 

New Stars. — ^The appearance of hitherto unseen stars in 
the vault of heaven, especially the sudden appearance of 
strongly-scintillating stars oi["the first magnitude, is an oc- 
currence in the realms of space which has ever excited as- 
tonishment. This astonishment is the greater, in proportion 
as such an event as the sudden manifestation of what was 
liefore invisible, but which nevertheless is supposed to have 
previously existed, is one of the very rarest phenomena in 
:-nature. While, in the three centuries from 1600 to 1800, 
as many as forty-two comets, visible to the naked eye, have 
appeared to the inhabitants of the northern hemisphere — 
on an average, fourteen in every hundred years — only eight 
new stars have been observed throughout the same period. 
^The rarity of the latter becomes still more striking when 
we extend our consideration to yet longer periods. From 
the completion of the Alphonsine Tables, an important epoch 
in the history of astronomy, down to the (ime of WilHam 
Herschel— that is, from 1252 to 1800 — ^the number of visi- 
ble coiaets is estimated at about sixty-three, while that of 
new stars does not amount to more than nine. Consequent- 
ly, for the period during which, in the civilized countries of 
Europe, we may depend on possessing a tolerably correct 
enumeration of both, the proportion of new stars to comets 
visible to the naked eye is as one to seven. We shall pres- 
ently show thaf^if from the tailless comets we separate the 
new stars which, according to the records of Ma-tuan-lin, 
* Ob$ervaHon9 at the Cape, $ 315. 
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have been obeerved in China, and go back to the middle of 
the second century before the Xlhristian era, that for about 
2000 years scarcely more than twenty or twenty-two of such 
phenomena can be adduced with certainty. 

Before I proceed to general considerations, it seems not 
inappropriate to quote the narrative of an eye-witness, and, 
by dwelling on a particular instance, to depict the vividness 
of the impression produced by the sight of a new star. " On 
my return to the Danish islands &om my travels in Germa- 
ny," says Tycho Brahe, "I resided for some time with my 
uncle, Steno Bille (ut aulicse vits fastidium lenirem), in the 
old and pleasantly situated monastery of Herritzwadt ; and 
here I made it a practice not to leave my chemical labora- 
tory until the evening. Raising my eyes, as usual, during 
one of my walks, to the well-known vault of heaven, I ob- 
served, with indescribable astonishment, near the zenith, in 
Cassiopeia, a radiant >£xed star, 6f a magnitude never be- 
fore seen. In my amazement, I doubted the evidence of my 
flenses. However, to convince myself that it was no illusion, 
and to have the testimony of others, I summoned my assist- 
ants from the laboratory, and inquired of them^ and of all 
the country people that passed by, if Ihey also observed the 
star that had thus suddenly burst forth. I subsequently 
heard that, in Germany, wagcmers and other common peo- 
ple first called the attention of astronomers to this great phe^ 
nomenon in the heavens — a circmnstance which, as in the 
case of non-»predicted comets, furnished fresh occasion for Ihe 
usual raillery at the expense of the learned. 

" This new star," Tycho Brahe continues, " I found to be 
without a tail, not surrounded by any nebula, and perfectly 
like all other fixed stars, with the exception that it scintil- 
lated more strongly than stars <^ the first magnitude. Its 
brightness was greater than that of ,Sirius, a hytm, or Jupi- 
ter. For splendor, it was only comparable to Tonus when 
nearest to the earth (that is, when only a quarter of he^ 
disk is illuminated). Those gifted, with keen sight could, 
when the air was clear, discern the new star in the daytime, 
and even at noon. At night, when the aky w|ls overcast, so 
that all other stars were hidden, it was often visible through 
the clouds, if they were not very dense (nubes non admo- 
dum densas). Its distances from the liearest stars of Cassi- 
opeia, which, throughout the whole of the following year, I 
measured with great care, cpnvinced me of its perfect immo- 
bility. Already, in December, 1672, its brilliancy began to 
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diminish, ajid the star gradually resembled Jupiter ; but by 
January, 1573, it had become lees bright than that planet. 
Successive photometric estimates gave the following results : 
for February and March, equality with stars of the first mag- 
nitude (stellanim afBxarum priini honoris — for Tycho Brahe 
seems to have disliked using Manilius's expression of stellsa 
:fix») ; for April and May, with stars of the^ second magni- 
tude ; for July and August, with those of the thixd ; for Oc- 
tober and November, those of the fourth magnitude. To- 
ward the month of November, the new star was not bright- 
er than the eleventh in the lower part of Cassiopeia's chair. 
The transition to the fifth and sixth magnitude took place 
between December, 1573, and February, 1574. In the fol- 
lowing month the new star disappeared, and, after having 
shone seventeen months, was no longer discernible to the 
naked eye." (The telescope was not invited until thirty- 
seven years afterward.) . • 

The gradual diminution of the star's luminosity was, more- 
over, invariably regular ; it was. not (as is the case in the 
present day with tj Argus, though indeed that is not to be 
called a new star) interrupted by several periods of rekind- 
ling or by increased intensity of light Its CQlor also changed 
with its brightness (a. fact which subsequently gave rise to 
many erroneous conclusions as to the velocity of colored rays 
in their passage through space). At its first appearance, as 
long as it had the brilliancy of Venus and Jupiter, it was 
for two months white, and then it passed through yeUow 
into red. In the spring of 1573, Tycho Brahe compared it 
to Mars ; afterward he thought that it nearly resembled Be- 
telgeux, the star in the right shqulder of Orion. Its color, 
for the most part, was like the red' tint of Aldebaran. In 
the spring of 1573, and especially in May, its white color re- 
turned (albedinem quandam subhvidam induebat, quahs Sa- 
tumi stellsd subesse videtur). So it remained in January, 
1574 ; being, up to the time of its entire disappearance in 
the month of March, 1574, of the fifth magnitude, and white, 
but pf a duller whiteo^s, and exhibiting a remarkably strong 
scintillation in proportion to its faintness. 

The circumstantial minuteness of these statements'*!^ is of 

* De admircmda Nova Siellaf anno 1572, exorta in Tychonis Brahe, 
AttroTiomicB instauratte Progymnasmata, 1603, p. 298-304, and ^78. In 
the text I have closely followed the account which Tycho Brahe him- 
Bolf givoB. The ver^ donbtfnl statement (which is, however, repeated 
in several astronomical treatises) that his attention was first called to 
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itself a proof of the interest which this natural phenomenon 
could not fail to awaken, by calling forth many important 
questions, in an epoch so brilliant in the history of astronomy. 
For (notwithstanding the general rarity of the appearance of 
new stars) similar phenomena, accidentally crowded togeth- 
er within the short space of thirty-two years, were thrice re- 
peated within the observation of European astronomers, and 
consequently served to heighten the excitement. The im- 
portance of star cat&lo'gues, for ascertaining the date of the 
sudden appearance of any star» was more and more recog- 
nized ; the periodicity* (their reappearance after many cen- 
turies) was discussed ; and Tycho Brahe himself boldly ad- 
vanced a theory of the process by which stars might be 
formed and molded out of cosmical vapor, which presents 
many points of resemblance to that of the great William 
Herschel. He was of opinion that the vapory celestial mat- 
ter, which becomes luminous as it condenses, conglomerates 
into fixed stars : '* Coeli materiam tenuissimam, ubique nostro 
visui et planetarum circuitibus perviam, in imum globum con- 
densatam, stellam effingere." This celestial matter, which 
is universally dispersed through space, has already attained 
to a certain degree of condensation in the Milky Way, which 
glimmers with a soft silvery brightness. Accordingly, the 
place of the new star, as well as of those which became sud- 
denly visible in 945 and 1264, was on the very edge of the 
Milky Way (quo factum est quod nova Stella in ipso galaxi«B 
margine constiterit). Indeed, some went so fax as to believe 
that they could discern the very spot (the opening or hiattcs) 
whence the nebulous celestial matter had been drawn from 
the Milky Way.t All this reminds one of the theories of 

the phenomenoQ of the new star by a concourse of country people, 
need not, therefore, be here noticed. 

* Cardanus, in his controversy with Tycho Brahe, went back to the 
star of the Magi, which, as he pretended, was identical with the star 
of 1572. Ideler, arguing from his own calculations of the conjunctions 
of Saturn with Jupiter, and from similar conjectured advanced by Kep- 
ler on the appearance of the new star in Ophiucns in 1604, supposes 
that the ttar of the Afo^Vthrou^h a confusion of doTtfp with &aTpov, 
which is so frequent, was not a single great star, but a remarkable con- 
junction of stars — the close approximation of two brightly-shining plan- 
ets at a distance of less than a diameter of the moon. — Tychonis Pro- 
gymnasmatai p. 324-330 ; contrast with Ideler, Handbuch der Matkc^ 
matischen und Technischen Chronologies bd. ii., s. 399-407. 
^ t Progymn., p. 324-330. Tycho Brahe, in bis theory of the formar 
tion of new stars from the Coemieal vapor of the Milky Way, builds 
much o^ the remarkable passages of Aristotle on the connection.i)f the 
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transition of the cosmical vapor into clusters of stars, of an 
agglomerative force, of a concentration to a central nucleus, 
and of hypotheses of a gradual formation of solid bodies out 
of a vaporous fluid — ^views which were generally received in 
the beginning of the nineteenth century, but which at pres- 
ent, owing to the ever-changing fluctuations in the world of 
thought, are in many respects exposed to new doubts. 

Among newly-appeared temporary stars, the following 
(though with variable degrees of certainty) may be reckoned. 
I ha.ve arranged them according to the order in which they 
respectively appeared. .- '^ 

(a) 134 B.C .in Scorpio. 

(l^) 123 A.D. .... in Ophiuchus. 

(c) 173 " in Centaurus 

U) 369 « ? 

(e) 386 " in Sagittarius. 

(/) 389 " in Aquila. 

Ig) 393 " in Scorpio. 

(h) 827 **^ in Scorpio. 

i) 945 '< between Cepheus and Cassiopeia. 

k) 1012 " . in Aries. 

l) 1203 " in Scorpio. 

W) 1230 *« . in Ophiuchus. 

n) 1264 " .^ . . . between Cepheus and Cassiopeia. 
o) 1572 " ..... in Cassiopeia. 

p) 1578 " 

q) 1584 *' in Scorpio. 

(V) i600 . " ..... in Cygnus. 

1604 " in Ophiuchus. r 

1609 " 

u) 1670 " in Vulpes. 

[v) 1848 " in Ophiuchus. 

EXPLANATORT RESfARKS. 

(a) This star first appeared in Jaly, 134 years befcire our em. We 
have taken it from the Chinese Records of Ma-tuan-Hn, for the transla- 
tion of which we are indebted to the learned linguist Edward Bipt 
( Connaiasance des Tempt pour Van 1846, p. 61). Its place was between 
^ and p of Scorpio. Among the extraordinary foreign-looking stars of 
these records, called also ^est-stars {itoilet hdtest '* Ke-sing," strangers 
of a singular aspect), which are distinguished by the observers ^om 
comets with tails, fi^ed new stars and advancing tailless comets are cer- 
tainly sometimes mixed up. But in the record of their motion ( Ke-sing 

tails of comets (the vapory radiation from their nuclei) with the galaxy 
to whicl^ I have already alluded. {Coemotf vol. !., p. 103.) 
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of 1092, 1181, and 1458), and in the abeenoe of any such record, as ako 
in the occasional addition, ** the Ke-sing diMolved'* (disappearedS, there 
is contained, if not an in&Uible, yet a very important criterion. Besides, 
we must bear in mind that the hght of the nucleus of all comets, wheth- 
er with or without tails, is dnU, nerer scintillates, and ezhibite only a 
mild radiance, while the luminoos intensity of what the Chinese call 
extraordinary (stranger) stars has been compared to that of Venus — a 
circumstance totally at variance with the nature of comets in general, 
and especially of those without tails. The star which appeared in 134 
B.C., under uie old Han dvnasty, may, as Sir JcAm Hersehel remarks, 
have been the new star of Hipparchos, which, according to the state- 
ment of Pliny, induced him to commence his catalogue of the stars. 
Delambre twice caUs this statement a fiction, " une historiette.'* {Hist, 
de PA$ir. Anc.y tom. i., p. 290; and Hiat. de VAjttr, Mod., torn, i., ^. 186*) 
Since, according to the express statement of Ptolemy (Alnutg., vii., p. 2, 
13, Halma)f the catalogue of Hipparchus belongs to Uie year 128 B.C., 
and Hipparchus (as I have alreacfy remarked elsewhere) carried on his 
observations in Rhodes (and perhaps also in Alexandria) horn 162 to 
127 B.C., there is nothing irreooncilwile witlLthis conjecture. It is very 
probable that the great Nicean astninomer had pursued- his observations 
for a considerable period before he conceived the idea of forming a reg- 
ular catalogue. The words of Pliny, ** suo levo genita,'' app^y ^ the 
whole term of his life. After (he appearance of Tycho Brahe^s star in 
1572, it v^as much disputed whether the star of Hipparchus ought to be 
classed among new stars, or comets without tails < Tycho Brahe himself 
_was of the former opinion (Progymn., p. 319-325). The words *' ejus- 
que motu addubitationem adductus'* may undoubtedly lead to the sup- 
position of a faint, or altogether tailless comet; but Pliny's rhetorical 
style admitted of such vagueness of expression.. 

(b) A Chinese observation. It Appeared in December, A.D. 123, 
between a Herculis and a Ophiuchi. Ed. Biot, from Ma-tuan-lin* (It 
is also asserted that a new star appeared in &e reign of Hadrian, about 
A.D. 130.) 

(c) A singular and very large star. This also is taken from Ma^uan- 
lin, as well as the three following ones. 

It appeared on the 10th of December, 173, between a and /? Centauri, 
and at the end of eight months dbappearcid, after exhibiting &e five 
colon one after another. **Sueeeuwemen^* is the term em^yed by 
£d. Biot in his translation. Such an expression would almost tend to 
suggest a series of colors similar to those in the above-deicribed star 
of Tycho Brahe ; but Sir John Hersehel more correctly takes it to mean 
a colored scintillation ( OutHneB, p. 563), and Arago intcorprets in the same 
way a nearly similar expression employed by Kepler when speaking 
of the new star (1604) in Ophiuchus. (Annuaire pew 1842, p. 347.) 

(d) This star was seen from March to August, 369. 

(e) Between A and ^ Sagittarii. In the Chinese Record it is expressly 
observed, " where the star remained (t. e., without movement) from 
April to July, 386." . 

(/) A new star, close to a Aquilie. In the year 389, in the reign of 
the Emperor Honorius, it shone forth with the brilUanGy of -Venus, ac« 
cording to the statement of Cuspinianns, who had himself seen it. It 
totally disappeared in about three weeks.* 

* Other accounts place the appearance in the year 388 or 398. 
Jacques Cassini, EUmcM d^Agtrtmomie, 1740 (EMles Nouvtltet), p. 59. 
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(g) March, 393. This star was also in Scorpio, in the tail of that 
constellation. From the Beconis of Ma-tuan-lin. 

{h) The precise year (827) is doubtfol. It may with more certainty 
be assigned to the first half of the ninth centary, when, in the reign of 
Calif ^Mamun, the two famooa Arabian astronom^ Haly and Oia- 
far Ben Mohammed AUximazar^ observed at Babykn a new star, whose 
light, according to their report, ''e(|iia]ed that of the moon in her qnai^ 
ters." This nataral phenomenon hklbwise occurred in Bootpio. The 
star disappeared after a period of four months. 

(«) The appearance of this star (which is said to have shone forth in 
the year 945, under Otho the Great), like that of 1264, is vouched for 
solely by the testimony of the Bohemian astronomer Cyprianus Leovi- 
tius, who asserts that he derived his statements concerning it from a 
manuscript chronicle. He also calls attention to the &ct that these two 
phenomena (that in 945 and that in 1264) took place between the con* 
stellations pf Cepheus and Cassiopeia, close to the Milky Way, and near 
the spot where Tycho Brahe's star appeared in 1572. Tycho Brahe 
iJProgym., p. 331 and 709^ defends the credibility of Cypnanus Leovi* 
tius against the attacks ot Pontanus and Camerarius, who conjectored 
that the statements arose from a confusion of new stars with' long-tailed 
comets. 

{k) According to the statement of Hepidannus, the monk of St. GaU 
(who died A.D. lQd8, whose annals extend from the year A.D. 709 to 
104'4), a new star of unusual magnitude, and of a brilhancy tiiat dazzled 
the eye (oculos verberans), was, for three months, from the end of May 
in the year 1(112,, to be seen in the south, in the constellation of Aries« 
In a most singular manner it appeared to vary in size, andoocasionally 
it could not be seen at all. " Nova Stella apparuit insolite magnitudinis, 
aspectu fulgurans et oculos verberans non siue terrore. Qute mirum in 
modum aliquandb contractior, aliquando diffusior, etiam extinguebatmr 
interdum. ^ Visa est autem per tres menses iu intimis finibus Austri, ul- 
tra omnia signa qu» videntur in coelo." X^^^ Hepidanni, Annate* bre- 
veiy in Duchesne, Hittorim Francorwn 8criptore», t. iii., 1641, p. 477. 
Compare also Schnuner, Chronik der Swehen, th. i., s. 201.) To the 
manuscript made use of by Duchesne and Goldast, which assiens the 
phenomenon to the year 1012, modem historical criticism has, howev- 
er, preferred another manuscript, which, as oolnpared with the former, 
exhibits many deviations in the dates, throwing them six years back. 
Thus it places the appearance of this star in 1006. (See AwMdu 8an- 
gaUentes majores, in Pertz, Monumenta OermanuB hiatoriea Scriptomm, 
t. i., 1826, p. 81.) Even the authenticity of the writing of Hepidannus 
has been called into question by modern critics. The singular phenom-^ 
enon of variability has- been termed by Ghladni the eoti/lagraiwn and 
exUnetion of a fixed star. Hind- (N&Heea of tki Astrim. Soe,, vol. viiL, 
A 1848, p. 156) conjectures that this star of Hepidannus u identical with 
a new star, which is recorded in Ma-tuan-lin, as having been seen in 
China, in February, 1011, between ff and ^ ofSaeittarius. But in that 
case there must be an error in Martuan-lin,not omy in the statement of 
the year, but also of the constellation in which the star appeared. 

. (A Toward the end of July, 1203/ in the tail of Scorpio. According 
to^ the Chinese Record, this new star was ** of a bhnsh-white color, 
without luminous vapor, and resenibled Satom." (Edouard Biot, in the 
ConnaisMance de$ Temp$m)W 1846, p. 68.) 

(m) Another Chinese observation, from Msptuan-lin, whose astronom- 
ical records, contaiuing an accurate account of the positions of comets 
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and fixed stan, go l^ack to the Tear 613 B.C., to the times of Thalea 
and the expedition of CoUeos of Bamos. This new star appeared in the 
middle of December, 1230, between Ophiucbus and the Serpent. It 
disaolved toward the end of March, 1231. 

(n) ThiB is the star mentioned by the Bohemian astronomer, Gypri- 
anus Leovitius (and referred to under tiie ninth star, in the year 945]). 
About the same time (July, 1264), a great comet appeared, whose tail 
swept over one half of the heavens, and which, therefore, could not be 
mtsteken for a new star suddenly appearing between Cohens and Cas- 
siopeia. ^ 

(o) This is Tycfao Brahe's star of the 11th of November, 1572, in the 
Chair of Cassiopeia, R. A. 3^ 26' ; Decl. 63^ 3' (for 1800). 

(p) February, 1578. Taken from Ma-tuan-lm. The constellatign is 
not given, but the intensity and radiation of the light mnst have been 
extraordinary, since the Cinnese Record appends the remark, ** a star 
as large as the sun !" 

(q) On the 1st of July, 1584," not &r from k of Scorpio ; also a Chinese 
observation. 

(r) According to Bayer, the sfat 34 of Cygnus. Wilhehn Jansen, the 
celebrated ^ographer, who for a time haa been the associate of Tycho 
Brahe in his observations, was the first, as an inscription on his celes- 
tial globe testifies, to draw attention to the new star in the breast of the 
Swan, near the beginning of the neck. Kepler, who, after the death 
of Tycho Biahe, was for somd time prevented from carrying on any 
observations, both by hir travels and want of instruments, did not oh- 
serve it till two years later, and, indeed (what is the more surprising, 
since the star was of the third magnitude), then first heard of its exist- 
ence. He thus writes: ** Cum mense Maio, anni 1602, primum litteris 
monerer de novo Cygni phenomenon'' (Kepler, De Stella Nova tertii 
honoru in Cygno^ 1606, which is appended to the work De Stella Nova 
in Serpent,, p. 152, 154," 164, and 167.) - In Kepler's treatise it is no- 
where said (as. we often find asserted m modem works) that this star 
of Cygnus upon its first appearance was of the first magnitude. Kep- 
ler even calls it *' parva Cygni stella,'' and speaks of it throughout as 
one of the third magnitude. He determines its position in R. A. 300^ 
46' ; Decl. 36° 52' <toerofore for 1800 : R. A. 302^ 36' ; DecL -f 37° 27'). 
The star dedreased in brilliancy, especially after the year l6l9, and van- 
ishedin 1621. Dominique Cassini (see Jac(]^ues Oassini, Elimens d'Attr., 
p. 69) saw it, in 165^, again attain to the third magnitude, and then dis- 
appear. Hevehua observed it again in Novemher, 1665, at first ex- 
tremely small, then larger, but never attaining to Uie third magnitude. ' 
Between 1677 and 1682 it decreased to the sixth magnitude, and as such 
it has remained in the heavens. Sir John Herschel classes it among the 
variable stars, in which he difiers from Argelander. 

(t) After the star of 1572 in Cassiopeia, the most famous of the new 
stars is that of .1604 in Ophiuchus (R. A. 259° 42' ; and S. Decl. 21° 15', 
for 1800). With each of these stars a ^reat name is associated. The 
star in the right foot of Ophiuchus was onginally discovered, on the lOtb 
of October, 1604, not by Kepler himself, but by his pupil> the Bohemian 
astronomer, John Bronowski. It was larger than all stars of the first 
order, greater than Jupiter and Saturn, but smaller than Venus. Her- 
licius asserts that he had previously seen it on the 27th of September. 
Its brilliancy was less than that of the neW star discovered by Tycho 
Brahe in 1572. Moreover, unlike the latter, it was not discernible in 
the daytime. But its scintillation was considerably greater, and espe- 
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daily excited the astonishmexit of all who saw it. As scintillation is 
always accompanied with dispersion of color, much has been said of 
its colored and continually-changing light. Arago {Annuairepour 1834, 
p. 299-301, and Arm. pour 1842, p. 345-347) has ah-eady called atten- 
tion to the fact that the star of Kepler did not by any means, like that 
of Tycho Brahe, assume, at certain long intervals, different colors, such 
as yellow, red, and then again white. Kepler says expressly that his 
star, as soon as it rose above the exhalations of the earth, was white. 
When he speaks of the colors of the rainbow, it is to convey a clear 
idea of its colored scintillation., His: words are : " Exemplo adamantif 
mnltan^uli, qui solis radios inter convertendum ad 6{>ectantiam oculos 
variabili fulgore revibraret, colores Iridis (stella nova in Ophiucho) sue- 
sessive vibratu cotUimto reciprocabat.'' {De Nova Stella Serpent.f p. 5 
and 125.) In the beginning of January, 1605, this star was even brighter 
than Antares, but less luminous than Ancturus. By the end of March in 
the same year it was described ds being of the third magnitude. Its 
proximity to the sun prevented all observation for four months. Be- 
tween February and March, 1606, it totally disappeared. The inaccu- 
rate statements as to the great variations in the position of the new star, 
advanced by Sclpio Claramontius and the geographer Blaew, are scarcely 
(as Jacques Cassini, Elimetu d^Astr., p. 65, long since observed) deserv- 
ing of notice, since they have been refuted by Kepler's morie trustworthy 
treatise. The Chinese Record of Ma-tuan4in mentions a phenomenon 
which exhibits some points of resemblance^ as to time and position, with 
this sndden appearance of a new star in Ophiuchus. On the 30th of 
September, 1604, there was seen in China a reddish-yellow (" ball- 
like?'*) star, not far from ir of Scorpio. It shone in the southwest till 
November of the same year, when it became invisible. It reappeared 
on the I4tb of January, 1605, in the southeast; but its light became 
slightly duller by March, 1606. (Cortnaissance des Tempt pour 1846, 
p. 59.) The locality, re of the Scorpion, might easily be confounded 
^th the foot of Ophiuchus ; but the expressions southwest and south- 
east, its reappearance, and the circumstance that its ultimate total dis- 
appearance is not mentioned, leave some doubts as to its identity. 

{t\ This also is a new star of considerable magnitude, and seen in the 
southwest. It is mentioned in Ma-tuan-lin. , No further particulars are 
recorded. 

. {u) This is the new star discovered by the Carthusian monk Anthel- 
mus on the ^Oth of June, 1670, in .the head of Vulpds (R. A. 294^ 27'; 
Decl. 26° 47'), and not &r from /3 Cygni. At its fipst appearance it was 
not of the first, but merely of the third magnitude, and on the 10th of 
August it diminished to the fifth. It disappeared after three months, 
but showed itself again on the 17th of March, 1671, when it was of the 
fourth nlagnitude. Dominique Cassini observed it very closely in April, 
1671, and found its brightness very variable. The new star is reported 
to have regained its onginal splendor after ten months, but in Februa- 
ry, 1672, it was looked for in vain. It did not reappear until the 29th 
of March in the same j^t^ and then only as a star of the sixth ma^i- 
tude ; since that time it has never been observed. (Jacques Cassmi, 
Eliment cPAstr.f p. 69-71.) These phenomena induced Dominique 
Cassini to search for stars never before seen (by him !), He main- 
t^ned that he had discovered fourteen such stars of the fourth, fifth, 
arid sixth magnitudes (eight in Cassiopeia, two in Eridanus, and four 
near the North Pole). From the absence of any precise data as to their 
respective positions, and especially since, lik& those said to have been 
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diacovered by Maraldi between 1694 and 17(^9, their existence is more 
than questionable, they can not be introduced in our present list. 
(Jacques Cassini, EUmeru iPAstron., p. 73-77 ; Delambre, Hui. de 
PAstr. Mod., t. ii., p. 780.) 

(v) One hundred and seventy-eight years elapsed after the appear- 
ance of the new star in Vulpes wiuiout a similar phenomenon having 
occurred, although in this long interval the heavens were^ most care- 
fully explored, and its stars counted, by the aid of a more diUgent use 
of telescopes and by com{>arison with more correct catalogues of the 
stars. On the 28th of April, 1848, at Mr. Bishop's private observatory 
(South Villa, Regent's Park), Hind made the imi>ortant discovery of a 
new reddish-yellow star of the fifth magnitude in Ophiuchus (R. A. 16^ 
50' 59" ; S. Decl. 12° 39' 16", for 1848). In the case of no other new 
star have the novelty of the. phenomenon and the inyariabitity of its po- 
sition been demonstrated with greater precision. At the present time 
(1850) it is scarcely of the eleventh ma^tude, and, acconfinff to Lich- 
tenberger's accurate observations, it will most likely soon ousappear* 
{Noticet of ike Astr, Soc., vol. viii., p. 146 and 155-158.) 

The above list of new stars, which, within the last two 
thousand years, have suddenly appeared and again disap- 
peared, is probably more complete than any before given, and 
may j ustify a few general remarks. We may distinifuish three 
classes : new stars which suddenly shine forth, and then, after 
a longer or shorter time, disappear ; staxB whose brightness is 
subject to a periodical variability, which has been already 
determined ; and staxs, like i] Argus, which suddenly exhib- 
it an unusual increase of brilliancy, the variations of which 
are still undetermined. All these phenomena are, most prob- 
ably, intrinsically related to each other. The new star in 
Cygnus (1600), which, after its total disappearance (at least 
to the naked eye), again appeared and continued as a star of 
the sixth magnitude, leads us to infer the affinity of the two 
first kinds of celestial phenomena. The celebrated star dis- 
covered by Tycho BriJie in Cassiopeia in 1572 was consid- 
ered, even wlule it was still shining; to be identical with the 
new star of 945 and 1264. The period of 300 years which 
Goodricke conjectured, has been reduced by Keill and Pigott 
to 150 years. The partial intervals of the actual phenom- 
ena, which perhaps are not very numerically accurate, amount 
to 319 and 308 years. Arago* has pointed out the great 
improbability that Tycho Brahe's star of 1572 belongs to 
those which are periodically variable. Nothing, as yet, 
seems to justify us in regarding all new stars as variable in 
long periods, which from their very length have remained 
unknown to us. If, for instance, the self-luminosity of all 
the suns of the firmament is the result of an electro-mag- 

* Aitig<yf Annuaire pour 1842, p. 332« 
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netic process in their photospheres, we may consider this 
process of light as variable in man^ ways, without assuming 
any local or temporary condensattahs of the celestial ether, 
or any intervention of the so-called cosmicdt douds. It may 
either occur only once or recur periodically, a;nd either regu- 
larly or irregularly. The eliectrical processes of light on our 
ear&, which m^fest themselves either as thunder-stomis 
in the regions of the air, or as polar effluxes, together witii 
much apparently irregular variation, exhibit nevertheless a 
ceriain^ periodicity dependent both on the seasons of the year 
and the hours of the day ; and this fact is, indeed, frequent- 
ly observed in the formation for several consecutive days, . 
during perfectly dear weather, of a small mass of clouds in 
particular regions of the sky, as is proved by the frequent 
failures in attempts to observe the culmination of stars. 

The circumstance that almost all these new stars burst 
forth at once with extreme brilliancy as stars of the first mag- 
nitude, and evcm with still stronger scintillation, apd that 
they do not appear, at least to the naked eye, to increase 
gradually in brightness, is, in my opinion, a singular pecul- 
iarity, and. (»ie well deserving of consideration. Kepler* at- 
tached ^ch weight to this criterion, that he refuted the idle 
pretenidon of Antonius Laurentinus Pbhtianus to having seen 
the atjtr in' C^hiuchus (1604) before Bronowski simply by 
the circumstance that Laurentinus had said, " Apparuit nova 
Stella parva et postea de die in diem crescendo apparuit lu- 
mine non multo inferior Venere, superior Jove." There are 
only three stars, which may be looked upon in the light of 
exceptions, that did not shme forth at once as of the first 
magnitude ; viz., the star which appeared in Cygnus in 
1600, and that in Yulpes in 1670, which were both of the 
third, and Hind's new star in*Ophiuchus in 1848, which is 
of the fifth magnitude. 

It is much to be regretted, as we have already observed, 
that after the invention of the telescope in the long period 
of 178 years, only two new stars have been seen, wheteais 
these phenomena have sometunes occurred in such rapid sud- 
cession> that at the end of the fourth century four were ob- 
served ill twenty-four years ; in the thirteenth centuiy, three 
in sixty^ne years ; and during the era of Tycho Brahe and 
Kepler, at the end^f the sixteenth and beginning of the sev- 
enteenth centuries, no less than six were observed within a 

I * Kepler, De Stella Nova in pede Serp,, p. 3. 
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period of thirty-seven ye9,rs. Throughout this examination I 
have kept in view the Chinese observations oi eoctraordinary 
stars, most of which, according to the opinion of the most 
eminent astronomers^ are deserving of our confidence. Why 
it is that of the new stars seen in Europe, that of Kepler in 
Ophiuchus (1604) is in all probability recorded in the rec- 
o:i^s of Ma-tuan-lm, while that of Tycho in Cassiopeia (1572) 
is not noticed, I, for my part, am as little able to explain as 
I am to account for the fact that no mention was made in 
the sixteenth century, among European astronomers, of the 
great luminous phenomenon which was observed in China 
in February, 1578. The difference of longitude (1 14®) could 
only, in a few instances, account for their not being visible. 
Whoever has been engaged in such investigations, must be 
well aware that the want of record either of political events 
or natural phenomena, either upon the earth or in the heav> 
ens, is not invariably a proof of their never having taket 
plape ; and on comparing together the three different eata- 
logues which-are given in Ma-tuan-lin, we actually find com- 
ets (those, for instance, of 1385 and 1495) mentioned in one 
but omitted in the others. 

Even the earlier astronomers (Tycho Brahe and Kepler)> 
as well as the more modem (Sir John Herschel and Hind), 
have called attention to the fact that the great majority (four 
fifths, I make it) of all the new stars described both in Eu- 
rope and China have appeared in the neighborhood of or 
within the Milky Way. If that which gives so mild and 
nebulous a light to the annular starry strata of the Milky 
Way is, as is inore than probable, a mere aggregation of 
small telescopic stars, Tycho Brahe's hjrpothesis, which we 
have already mentioned, of the formation of new, suddenly- 
shining fixed stars, by the globular condensation of celestial 
vapor, falls at once to the grounds What thos influence of 
gravitation may be among the crowded strata and clusters 
of stars, supposing them to revolve round certain central nu- 
clei, is a question not to be here determined, and belongs to 
the mythical part of Astrognosy. Of the twenty-one new 
stars enumerated in the above list, five (those of 134, 393, 
827, 1203, and 1584) appeared in Scorpio, three in Cassi- 
opeia and Cepheus (945, 1264, 1572), and four in Ophiu- 
chus (123, 1230, 1604, 1848). Once, however (1012), one 
was seen in Aries at a great distance firom the MUky Way 
(the star seen by the monk of St. Gall). Kepler himself, 
whoy however, considers as a new star that described by Fa- 
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bricius as suddenly stiining in the neck of Cetus in the year 
1596, and as disappearing in October of the same year, like- 
wise advances this position as a proof to the contrary. (Kep- 
ler, De Stella Nova Serp., p. 112.) Is it allowable to in- 
fer; from the frequent lighting up of such stars in the same 
constellations, that in certain regions of space — ^those, name- 
ly, where Cassiopeia and Scorpio are to be seen — ^the condi- 
tions of their illuminations are favored by certain local re- 
lations ? Do such stars as are peculiarly fitted for the ex- 
plosive temporary processes of light especially lie in those 
directions ? ^ . , 

The stars whose luminosity was of the shortest duration 
were those of 389, ^27, and 1012. In the first of the above- 
named years, the luminosity continued only for three weeks ; 
in the second, four months ; in the third, three. On the 
other hand, Tycho Brahe's star in Cassiopeia continued to 
shine for seventeen months ; while Kepler's star in Cygnus 
(1600) was visible fully twenty-one years before it totally 
disappeared. It was again seen in 1655, and still of the 
third naagnitude, as at its first appearance, and afterward 
dwindled down to the sixth magnitude, without, however 
(according to Argelander*s observations), being entitled to 
rank among periodically variable stars. 

Stars that have disappeared. — The observation and 
enumeration of stars that have disappeared is of importance 
for discovering the great number of small planets which prob- 
ably belong to our solar system. Notwithstanding, however, 
the great accuracy of the catalogued positions of telescopic 
fixed stars and of modern star-maps, the certainty of convic- 
tion that a star in the heavens has actually disappeared since 
a certain epoch can only be arrived at with great caution. 
Errors of actual observation, of reduction, and of the press,* 

_ * On instances >of staiv which have not disappeared, see Argelander, 
in Schumacher's Atironom. Nachr.y No. 624, s. 371. To adduce an ex- 
ample from antiquity, I may point to the fact that the carelessness with 
which Aratus compiled his poetical catidogne of the stars has led to the 
often-renewed question whether Vega Lyrw is a new star, or one whicih 
varies in long periods. ' For instance, Aratus asserta, that the constella- 
tion of Lyra consists wholly of sinaU stars. It is singular that Hippar- 
chus, in his Commentary, does not notice this mistakfe, esj^ecially as he 
censures Aratus ibr his statements as to the relative intensity of lisht in 
the stars of Cassiopeia and Ophiuchus. All this, however, is only ac- 
cidental and not demonstrative ; for when Aratus also ascribes to Cyg- 
nus none but stars " of moderate brilliancy," Hipparchus expressly re- 
futes tbia error, and adds the remark that the bright star in the Swan 
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often disfigure the very b^st catalbgues. The disappeaxance 
of a heavenly body from the place in which it had before 
been distinctly seen, may be the result of its own motion as 
much as of any such diminution of its photometric process 
(whether on its surface or in its photosphere), as would ren- 
der the Waves of light too weak to excite our organs of sight. 
What we no longer see is not necessarily annihilated. The 
idea of destruction or combustion, as applied to disappearing 
stars, belongs to the age of Tycho Brahe. Even Pliny, in 
the fine passage where he is speaking (^ Hipparchus, makes 
i a question : Stell» an obirent nascerenturve ? The ap- 
parent eternal cosmical alternation of existence and destruc- 
tion is not annihilation ; it is merely the transition of matter 
into new forms, into combinations which are subject to new 
processes. Dark cosmical bodies may by, a renewed process 
of light again become luminous. 

PERIODICALI.Y VARIABLE Stars. — Siuoe all is in motion in 
the vault of heaven, and every thijig is variable both in space 
and time, we are led by analogy to infer that as the fixed 
stars imiversally have not merely an apparent, but also a 
proper motion of their own, so their surfaces or luminous at- 
mospheres are generally subject to those changes which re- 
cur, in the great majority, in extremely long, and, therefore, 
unmeasured and probably undeterminable periods, qr which, 
in a few, occur without being periodical, as it were, by a 
sudden revolution, either for a shorter or for a longer time. 
The latter class of phenomena (of which a remarkable in- 
stance is furnished in our own days by a large star in Argo) 
will not be here discussed, as our proper subject is those fixed 
stars whose periods have already been investigated and as- 
certained. It is of importance here to make a distinction 
between three great sidereal phenomena, whose connection 
has not as yet been demonstrated ; namely, variable stars of 
known periodicity ; the instantaneous lighting up in the heav- 
ens of so-called new stars ; and midden changes in the lu- 
minosity of long-knoiVn fixed stars, which previously shone 

(Deneb) is little inferior in brilliancy to Lyra (Vega LyrsV Ptolemy 
classes Vega among stars of the first magnitade, und an tne Cataster 
isms of Kratosthen^ (cap. 25), Vega is called XevKov xal Ttxiftirpov. Con 
sidering the many inaccuracies of a poet, who never himself observed 
the stars, one is not much disposed to give credit to the assertion that it 
w$is only between the years 272 and 127 B^O., t. e., between the times 
of Aratus aud Hipparchus, that the star Vega Lyra (FUieula of Pliny, 
xviii., 25) became a star of the first mitgoiitiide. 
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•with unifonn intensity. "We shall first of all dwell exclu- 
sively on the first kind of variability ; of this, the earliest in- 
stance accurately observed is furnished (1638) by Mira, a 
star in the neck of Cetus. The East-Friesland pastor, David 
Fabricius (the father of the discoverer of the spots on the 
sun), had certainly already observed this star on the 13th of 
August, 1596, as of the third magnitude, and in October of 
the same year he saw it disappear. But it was not until for- 
ty-two years afterward that ^© alternating, recurring vari- 
ability of its Hght, and its periodic changes, were discovered 
by the Professor Johann ' Fhocylides Holwarda, Professor of 
Franeker. This discovery was finrther followed in the same 
century by that of two olher variable stars, j3 Persei (1669), 
described by Montanari', and x Cygni (1687), by Kirch. 

The irregularities which have been noticed in the periods, 
together with the additional nimiber of stars of this class 
which have been discovered, have, since the beginning of the 
nineteenth centtiry, awakened the mostlively interest in this 
comphcated group qf phenomena. From the diflSculty of the 
subject, and from my own wish to be able to set down in the 
present work "die mtmerical elemefits of this-variabiHty (as 
being the most important result of all observations). Bo far as 
in the present state of the science they have been ascertain- 
ed, I have availed myself of the fidendly aid of that astrono- 
mer who of all our cotemporaries has devoted himself with 
the greatest diligence, and with the most briUiant success, 
to the study of the periodically varying stars, Th6 doubts 
and questions called forth by my own labors I confidently 
laid before my worthy friend Argelander, the director of the 
Observatory at Bonn, and it is to his manuscript communi- 
cations that I am solely indebted for all that follows, which 
for the most part has never before been published. 

The greater number of the variable stars, although not all, 
are of a red or reddish color. Thus, for instance, besides j3 
Persei (Algol in the head of Medusa), fi LyrsB and £ Aur^gsB 
have also a white^ light. The star ti Aquilae is rather yellow- 
ish ; so also, in a still less degree, is f Geminorum. The old 
assertion that some variable stars (and especially Mira Ceti) 
are redder when their brilliancy is on the waiie than on the 
increase, seems to be groundless. Whether, in the double 
star a Herculis (in which, according to Sir John Herschel, 
the greater star is red, but according to Struve yellow, while 
its companion is said to be dark blue), the small com'panion, 
estimated at between the fifth to the seventh magnitude, is 
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itself also variable, appears very problematical. Struve*" 
himself merely says, Suspicor minqrem esse variaMleni. 
Variability is by no means a necessary concomitant of red- 
ness. There are many red stars : some of them very red — 
as Arcturus and Aldebaran — ^in vi^hich, hovi^ever, no variabil- 
ity has as yet been discovered. And it is also more than 
doubtful in the case of a star of Cepheus (No. 7582 of the 
catalogue of the British Association), which, on account of 
its extreme redness, has been called by William Herschel 
the Garnet Star (1782). 

It would be difficult to indicate the nimiber of periodically 
variable stars for the reason that the periods already determ- 
ined are all irregular and uncertain, even if there were no 
other reasons. The two variable stars of Pegasus, as well 
as a HydrsB, e AurigsB, and a Cassiopeies, have not the cer- 
tainty that belongs to Mira Ceti, Algol, and 6 Cephei. In 
inserting them, therefore, in a table, much will depend on 
the degree of certainty we are disposed to be content with. 
Argelander, as will be seen from the t&ble at the close of 
this investigation, reckons the number of satisfactorily de- 
termined periods at only twenty-four.f f 

The phenomenon of variability is found not only both in 
red and in some white stars, but also in stars of the most di- 
versified magnitude ; as, for example, in a star of^ the first 
magnitude, a Ononis ; by Mira Oeti, a Hydrae, a CassiopeisB, 
and i3 Fegasi, of the second magnitude ; fi Persei, of the 2 '3d 
magnitude ; and in ^ Aquilse, and Lyr®, of the 3 •4th mag- 
nitude. There are also variable stars, and, indeed, in far 
greater numbers, of the sixth to the ninth magnitude, such 
as the variabiles CoronaB, Virginis, Cancri, et Aquarii. The 
star X Oyg^ likewise presents very great fluctuations at its 
maximum. 

* Compare Madler, Astr.y 8. 438, note 12, with Struve, SteUarum 
compos. Mensura Microm., p. 97 and 98, star 2140. ** I believe," says 
Argelander, ** it is extremely difficult with a telescope having a great 
power of illumination to estimate rightly the brightness of two such 
different stars asf the two components of a HercuUs. My experience 
is strongly against the variability of the companion t or, during my 
many observations in the daytime with the telescopes of the mendian 
circles of Abo, Helsingfors, and Bonn, I have never seen a Hercnlis 
single, which would assuredly have been the case if the companion ut 
its minimum were of the seventh magnitude. I believe the latter to 
be constant, and of the fifth or 5'6th magnitude." 

' t Madler*s Table (Astron.j 8. 435) contains eighteen stars, with widely 
differing numerical elements. Sir John Herschel enumerates more than 
forty-five, including those mentioned in the notes. — Outlines, $ 8l!}-826. 
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That the periods of the variable stars are V^ry irregular 
has been long known ; but that this variability, with all its 
apparent irregularity, is subject to certain definite laws, was 
first established by Argelander. This he hopes to be able 
to demonstrate in a longer and independent treatise of his 
own. In the case of x Cygni, he considers that two perturb- 
ations in the period — the one of 100, the other of 8^ — are 
more probable than a single period of 108. Whether such 
disturbances arise from changes in the process of light which 
is going on in the atmosphere of the star itself, or from the 
periodic times of some planet which revolves round the fixed 
stsur or sun x ^y^> ^^^ hy attraction influences the form of 
its photosphere, is still a doubtful question. The greatest 
irregularis ih change of intensity has unquestionably been 
exhibited by the variabilis Scuti (Sobieski's shield) ; for this 
stai" diminishes from the 5* 4th down to the ninth magnitude ; 
and, moreover, according to Pigott, it once totally disappeared 
at the end of the last century. At other times the fluctua- 
tions in its brightness have been only from the 6- 5th to the 
sixth magnitude. The maximum of the variations of ;^; Cygni 
have been between the 6* 7th and fourth magnitude ; of Mira, 
from the fourth to the 2* 1st magnitude. On the other hand, 
in the duration of its periods 6 Cephei shows an extraordi- 
Tuiry, and, indeed, of all variable stars, the greatest regularity, 
as is proved by the 87 minima observed between the 10th 
of October, 1840, and 8th of January, 1848, and even later. 
In the case of e Aurig«B, the variation of its brilliancy, dis- 
covered by that indefatigable observer, Heis, of Aix-la-Cha- 
pelle,* extends only from the 3*4th to the 4*0th magnitude; 

A great difference in the maximum of brightness is exhib- 
ited by Mira Ceti. In the^ year 1779, for instance (on the 
6th of November)^ Mira was only a little dimmer than Alde- 
baran, and, indeed, not unfrequently brigl^er than stars of 
the second magnitude ; whereas at other times this variable 
star scarcely attained to the intensity of the light of <J Geti, 
which is of the fourth magnitude. Its mean brightness is 
equal to that of y Ceti (third magnitude). If we designate 
by the brightness of the faintest- st^r visible. to the naked 
eye, and that of Aldebaran by 50, then Mira has varied in 
its maximum from 20 to 47. Its probable brightness may be 
expressed by 30 : it is oftener below than above this limit. 
The measure of itd excess, however, when it does occur, is 

* ArgQlander, in Schumacher's Astron, I^dchr.t bd. xxvi. (1848), No. 
624,8.369. 
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in proportion more considerable. No certain period of these 
oscillations has as yet been discovered. There are, however, 
indications of a period of 40 years, and another of 160. 

The periods of variation in different stars vary as 1:250. 
The shortest period is unquestionably that exhibited by /3 
Persei, being 68 hours and 49 minutes ; so long, at least, as 
that of the polar star is not established at less than two days. 
Next to j3 Persei come d Cephei (5d. 8h. 49m.), iy AquilflB 
(7d. 4h. 14m.), and f Geminorum (lOd. 3h. 35m.). The 
longest periods are those of 30 Hydr® Hevelii, 495 days ; 
X Cygni, 406 days ; Variabilis Aquarii, 388 days ; Serpentis 
S., 367 days; and Mira Ceti, 332 days. In several of the 
variable stars it is well established that they increase in brill- 
iancy more rapidly than they dimi^sh. This ph^iomenon 
is the most remarkable in 6 Cephei. Others, as, for instance, 
p LyrsB, have an equal period of augmentation and diminu- 
tion of light. Occasionally, indeed, a difierence is observed 
in this respect in the same stars, though at different epochs 
in their process of light. Generally Mira Ceti (as also 6 Ce- 
phei) is more rapid in its augmentation than in its diminu- 
tion ; but in the former the contrary has also been observed. 

Periods vritMn periods have been distinctly observed in 
the case of Algol, of Mira Ceti, of /J Lyrae, and with great 
probability also in x Cygni. The decrease of the penal of 
Algol is now unquestioned. Goodricke was unable to per- 
ceive it, but Argelander has since done so ; in the year 1842 
he was enabled to compare more than lOp trustworthy ob- 
servations (comprising 7600 periods), of which the extremes 
differed from each other more than 58 years; (Schumacher's 
Astron. Nachr., Nos. 472 and 624.) The decrease in the 
period is becoming more and more observable.* For the 

* ** Uf" says Argelander, ** I take for the epoch the mimmum brigfat- 
neu of Algol, in 1800, on the lit of Jannary, at 18h. Im. mean Paris 
time, I obtain the ducation of the^ perioda for 

-*1987, 2d. 20b. 48m., or 599.-416±08.-316 
—1406, " 588.-737J::0b.'094 

-- 825, " 58s.-393±08.-175 

4- 751, " 58b.164±0s.-039 

--2828, " 58a.-193±aB.096 

--3885, " 678.-971±0«.-045 

+5441, « 558.-182±08.-34S 

'< In this table the nmnbers b&ve the following signification : if we 
desi^ate the minimam epoch of the Ist of Jan., 1^0, by 0, that im- 
mediately preceding by — 1, and that immediately following by +1, and 
80 on, then the duration between — 1987 and — 1986 would be exactly 
2d. 20b. 48m. 598.-416, but the duration between +6441 and +5442 
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periods of the maximum of Mira (including the maximum of 
brightness observed by Fabricius in 1596), a formula^ has 
been established by Argelander, from which all the maxima 
can be so deduced that the probaUe error in a long period of 
variability, extending to 33 Id. 8h., does not in the mean ex- 
ceed 7 days, while, on the hypothesis of a uniform period, it 
would be 15 days. 

The double maximrqn and minimum of /3 Lyne, in each 
of its periods of nearly 13 days, was from the first correctly 
ascertained by its discoverer, Goodricke (1784) ; but it has 
been placed still more beyond doubtf by very recent observ- 
ations. , It is remarkable that this star attains to the same 
brightness in both its maxima, but in its principal minimum 
it is about half a magnitude fainter than in the other. Since 
the discovery of the variability of j3 LyrsB, the period in a 
period has probably been on the increase. At first the vari- 
ability was more rapid, then it. became gradually slower ; and 
this decrease in the length of time reached its limit between 
the years 1840 and 1844. During that time its period was 
.nearly invariable ; at present it is again decidedly on the de- 
crease. Something similar to the double maximum of )3 Lyras 
occurs ik 6 Cephei. There is a tendency to a second maxi- 

wonld be 2d. 20h. 48m. 558. '182 r the former applies to the year 1784^ 
the latter to the year 1842. 

**Tfae immbefB which follow the signs 4: u« the probable errors. 
That the diminatiou becomes more and more rapid is saown-as well by 
the last namber as by all my observations since 1847.'^ 

* Argelander's formula for representing aU observations of the maxima 
of Mira Geti is, as commanicated by himself, as follows: 
1751, Sep., 9-76 +331d.-3363 E. 
+10d.-5, sm. Cffo E. +86® 23') +18d.-2, sin. (ffo E. +231° 42') 
-|-33d.-9, sin. (44° E. +170° 19') -(-65d.'3, sin. (|fo B. +6© 37') 
where E. represents the anmbor of niazima which have oocarred since 
Sept 9, 1751, and the co-elBoieats are giten in days. Therefore, for 
the cturent year (jE. being =109), the following U the mazimom: 
1751, Sep., 9-76+36115d.-65+8d.-44— 12d.-24. 
+I8d.'59+27d. -34=1850, Sep., 8d.-54. 

** The strongest evidence in fiivor of this formula is, that it represents 
even the mazimam of 1596 (Cosmot, vol. ii., p. 330), wUch, on the 
soppositioii of a nnifdrm period, vrofnld deviate nibre than 100 days. 
However, the laws of the variation of the light of this star appear so 
complicated, that in particular auetr^e, g*., for the accurately observed 
maximum of 1840 — the formnU was wrong by mady days (nearly twen- 
ty.five).** 

t Obmpare Araehmder's essay, written on the occasion of the oen* 
tenary jubilee of the K6iug8berg Uniyersi^, and entitled De Stella 
PLfrm Variahili, 1844. 

Vol. Ill— H 
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mum, in so far as its dimination of light does not proceed 
uniformly ; but, after having been for some time tolerably 
rapid, it comes to a stand, or at least exhibits a very incon- 
siderable diminution, which suddenly becomes rapid again. 
In some stars it would almost appear as though the light 
were prevented from fully attaining a second maximum. In 
X Cygni it is very probable that two periods of variability 
prevail — a longer one of 100 years, and a shorter one of 8^.- 

The question whether, on the whole, there is greater reg- 
ularity in variable stars of very short than in those of very 
long periods, b difficult to answer. The variations from a 
uniform period can only be taken relatively ; i. e., in parts 
of the period itself . To commence with long periods,;!^ Cygni, 
Mira Ceti, and 30 Hydr^ must first of all be considered. In 
X Cygni, on the supposition of a uniform variability, the devi- 
ations from a period of 406*0634 days (which is the most 
probable period) amount to 39*4 days. Even though a por- 
tion of these deviations may be owing to errors of observa- 
tion, still at least 29 or 30 days remain beyond doubt ; i.e., 
one fourteenth of the whole period. In the case of Mira 
Ceti,* in a period of 331-340 days, the deviations amount to 
55-5 days, even if we do not reckon the observations of David 
Fabricius. If, allowing for errors of observation, we limit 
the estimate to 40 days, we still obtain one eighth ; conse- 
quently, as compared with x Cygni, nearly twice as great a. 
deviation. In the case of 30 Hydr», which has a period of 
495 -days, it is still greater, probably one fifth. It is only 
during the last few years (since 1840, and still later)-that the 
variable stars with very short periods have been observed 
steadily and with sufficient accuracy, so that the problem in 
question, when applied to them, is still morip difficult of solu- 
tion. From the observations, however, which have as yet 
been taken, less considerable deviations seem to. occur. In 
the case of i] AquilsB (with a period of 7d. 4h.) they only 
amount to one sixteenth or one seventeenth of the whole pe- 
riod ; in that of P Lyra (period 12d. 21h.) to one twenty- 
seventh or one thirtieth ; but the inquiry is still exposed to 
much uncertainty as regards the comparison of long and short 
periods. Of (3 Lyrse between 1700 and 1800 periods have 
been observed; of Mira Ceti, 279 ; of x Cygni, only 145. 

The question that has been mooted, whether stars which 

* The work of Jacques Cassini {ElSmens ^Astronomies 1740, p, 66- 
69) belongs to the earliest' systematic attempts to investigate the mean 
duration of the period of the variation of Aura Ceti. 
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h»ve long appeared to be yariaUe in regular periods ever 
cease to be so, tnust apparently be answered in the nega* ^ 
tive. As among the constantly variable stars there are 
some which at oae time exhibit a very great, and at anoth- 
er a very small degree of variability (as, for instance, vari- 
abilis Scuti), so, it jteems, there are also others whose vari- 
ability is at certain times so very slight, that, with our lim- 
ited means, we are unable to detect it. To such belongs 
variabilis Ooronse bor. (No. 5236 in the Catalogue of the 
British Association), recognized as variable by Pigott, who 
observed it, for a considerable time. In the winter of 1795—6 
this star became totally invisible ; subsequently it again 
appeared, and the variations of its hght were observed by 
Koch. In 1 8 1 7 , Harding and Westphal found that its bright- 
ness was nearly constant, while in 1824 Olbers was again 
enabled to perceive a variation in its luminosity. Its con- 
stancy now again returned, and firom August, 1843, to Sep- 
tember, 1845, was established by Argelander. At the end 
of September, a fresh diminution of its light commenced. 
By October, the star was no longer visible in the comet-seek- 
er ; but it appeared again in February, 1846, and by the be- 
ginning of June had reached its usual magnitude. (the sixth). 
Since then it has maintained this magnitude, if we overlook 
some small. fluctuations whose very existence has not been 
established with certainty. To this enigmatical class of stars 
belong also variabiHs Aquarii, and probably Janson and Kep- 
ler's star in Cygnus of 1600, which we have already men- 
tioned among the new stars. 
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Table or thi Vakublb SrASi, by F. AroBlandbr. 



LotMthof 
Penod. 



-BrighUtms in Uie 
Maxttaom. | Mnumnm. 



Mum of Diacofrnnr wad 
Date of DitfcoTwy. 



1 

2 
3 
4 
6 

7 

8 

9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

2U 
32 
23 
24 



CeU 

^Persei 

AfCygni 

30 Hydrae Hev. . 
Leofiis R., 420 M. 

Aquilae 

^Lyre 

4 Cephei 

a Herculis 

Corooe R 

ScutiR 

VirginisR 

Aquarii R 

Serpentis R. 

Serpentis S. 

Cancri R 

a Cassiopeie . . . 

a Orionls 

a Hydrae , . 

e Aurigae 

Geminorom . . . 

|3P«gasi.-. 

PegasiR 

Cancri S 



D. H. M. 

831 20 — 

2 20 49 

406 180 

495 

312 18 — 
t 414 

12 2145 
6 8 49 

66 8 — 
323 

7117 — 
145 21 
388 13 

369 

367 6 
880 — 

79 3 — 
196 

55 — 

10 3 35 
40 23 — 

360 

1 



MsffDit 

4to2>l 

2-3 

6-7 to 4 

5to 4 

6 

3-4 

3-4 

4-3 

3 

6 

6 6 to 6-4 

7 to 6-7 
910 6 7 

67 

8 to 7 8 

7 

2 

, 1 

2 

3 4 

4-8 

2 

8 

78 



Ma^t. 



4 







6-4 

45 

64 

34 



9to 6 







Holwarda, 
Montanari, 
Gottfr. Kirch, 
Maraldi, 
Kocb, . 
£. Pi^t, 
Goodricke, 
Ditto, 



1639. 
1669. 
1687. 
1704. 
1782. 
1784. 
1784. 
1784. 



Wm. Herschel 1795. 



E. Pigott, 
Ditto, 
Harding, 
Ditto, 



Ditto. 







82 

12 

23 

4-6 

64 

23 







Ditto, 

Scbwerd, 

Bin, 



1796. 
1795. 
1809. 
1810, 
1826. 
1828. 
1829, 
1831 



John Herschel, 1836. 

Ditto, 1837. 

Heis, 1846. 

I^cbtnidt, 1847. 

Ditto, 1848. 

Hind, 1848. 

DiUo, 1848. 



EXPLANATORY EEMASK& 

. The in the colamn of the minima indicates that the star is then 
fainter than th& tenth magnitude. For the^porpose of clearly and. con- 
veniently designating the smaller variable stars, which for the- most part 
have neither names nor other designations, I have allowed myself to ap- 
pend to them capitals, since the letters of the Greek and the smaller 
Xatin alphabet have, for the most part, been already employed by 
Bayer. 

Besides the stars adduced in the preceding table, there are almost as 
many more which are supposed to oe variable, since their magnitudes 
are set down differently by different observers. But as these estimates 
were merely occasional, and have not been cohdacted with much pre- 
cision, and as different astronomers have different principles in estima- 
ting magnitudes, it seems the safer course not to notice any pch cases 
until the same observer shall have found a decided variation in them at 
different times. With all those adduced in the table, this is the <;a8e; 
and the fact of their periodical change of light is quite established, even 
where the period itself has not been ascertained. The periods given in 
the table are founded, for the most part, on my own examination of all 
tiie earlier obsei^ations that have been published, and on my own ob- 
servations within the^Iast ten years, which have not as yet been pub- 
lished. Exceptions will be mentioned in the fiillowing notices or the 
several stars. 

In these notices the positbils are those for 1850, and are expressed in 
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tight ticeiiBion and decllnatioii. The fireqaently-reBeated term grado 
tioH indicates a ditference of brightness, woich may be distinctly^ recog- 
nized even by the naked eye, or, in the case of Uiose stars which are 
invisible to the unaided sight, by a Frauenhofer's comet-seeker of twen- 
ty-five and a half inches tocal length. For the brighter stars above the 
sixth magnitude, a gradation indicates about the tenth part of the dif- 
ference by which the successive orders of magnitude differ from one an- 
other; for the smaller stars the usual classifications of magnitude are 
considerably closer. 

(1) CetH R. A. 32^ 57', Deel. ^-S^ 40' ; also called Mura, on account 
of the wonderful change of light which was first observed in this star. 
Ab early as the latter half of the seventeenth eentary, the periodicity of 
this star was recognized, and Bouillaud 3xed the duration of its period 
at 333 days ; it was found, however, at the same time, that this dura- 
tion was sometimes longer and sometimes shorter, and that the star, at 
its greatest brilliancy, appeared sometimes brighter and sometimes &uit- 
er. This has been subsequently fally confirm^. Whether the star oyer 
becomes perfectly invisiole is as yet undecided; at one time, at the 
epoch of its minimum, it has been observed of the eleventh or twelfth 
magnitude ; at another, it could not be seen even with the aid of a three 
or a fom'-feet telescope. This much is^^certain, that for a long period it 
is fainter than stars of the tenth magnitude. But few observations of 
the star at this stage have as yet been taken, most having commenced 
when it had begun to be visible to the naked eye as a star of the sixth 
liiagnitude. From this period the star increases in brightness at first 
with great rapidity, afterwkrd.more slowly, and at last with a scarcely 
perceptible augmentation ; then, again, it diminishes at first slowly, aft- 
erward rapidly. On a mean, the period of aagmentation of light fi:om 
the sixth magnitude extends to fifty days; that of its decrease down to 
the ss^me degree of brightness takes sixty-nine days ; so that the star is 
visible to the naked, e^e for about four months. However, this is only 
the mean duration of its visibility ; occasionally it has lasted as Ions as 
five months, whereas at other times it has not been visible for more than 
three. In the san^ way, also, the duration both of the augmentation 
and of the diminution of its light is subject to great fluctuations, and the 
former is at all times slower than the latter ; as, for instance, in the ^ear 
1840, when the star took sixty-two days to arrive at its sreatest bnght- 
ness, and then in forty-nine days became yisible to the nsS^ed eye. The 
shortest period of increase that has as yet been observed took place in 
1679, and 'lasted only thirty days; the longest (of sixty-seven days) oc- 
curred in 1709. ' The decrease of li^ht lasted the longest in 1839, being 
then ninety-one djEtys ; the shortest m the year 1660,^ when it was com- 
pleted in nearly fifty-two daj^s. Occasionally, the star, at the period of 
Its greatest brightness, exhibits for a whole month together scarcely any 
perceptible yariation ; at others, a difference may be observed within a 
very few days. On some occasions, after the star had decreased in bright- 
ness for several weeks, there, was a period of perfect cessation, or, at 
least, a scarcely perceptible diminution of light daring several days ; this 
was the case in 1678 and in 1847. 

The maximum brightness, as already remarked, is by no means al- 
ways the same. If we indicate the brightness of the faintest star that 
is yisible to the naked eye by 0, and that of Aldebaran (a Tauri), b star 
of the first magnitude, by fifty, then the maximum of light of Mira fluc- 
tuates between 20 and 47, ». «., between the brightness of a star of the 
fourth, and of the first or second magnitude : the mean brightness is 28 
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or that of the star y Ceti. Bat the daration of its periods is still more 
irregular: its jnean is 331d. 20h., while its fluctuations have extended 
to a month ; for the shortest time that ever elapsed from one maximum 
to the next was only 306 days, the longest, on the other hand, 367 days. 
These irregularities oecome the more remarkal)le when we compare the 
several occurrences of greatest brightness with those which would take 
place if we were to calculate these maxima on the hypothesis of a uni- 
form period. The difference between calculation ana observation then 
amounts to 50 days, and it appears that, for several years in succession, 
those diflbrences are nearly the same, and in the same direction. This 
evidently indicates that the disturbance in the phenomena of light is one 
of a very long period. More accurate calculations, however, have prov- 
ed that the supposition of one disturbance is not sufficient, and that sev- 
eral must be assumed, which may, however, all arise from the same 
cause; one of these recurs after II single periods; a second after 88; 
a third after 176 ; and a fourth after 264. From hence arises the form- 
ula of sines (given at p. 169, note *), with which, indeed, the several 
maxima very nearly accord, although deviations stiU exist which can 
not be explained by. errors of observation. 

(2) /9 Persei, Algol ; E. A. 44° 36', Peel. 4-40° 22'. Although Gemi- 
niano Montanari observed the variability or tfiis star in 1667, and Ma- 
raldi likewise noticed it, it was.Goodricke that first, in 1782, discovered 
the regularity of the variability. The cause of this is probably tibat this 
•tar does not, like most other variable ones, gradually increase and di- 
minish in brightness, but for 2d. 13h. shines uniformly as a star of the 
2*3d magnitude, and only appears less b^ght for seven or eight hours, 
when it sinks to the fourth magnitude. The augmentation and dimi- 
nution of its brightness are not quite regular; but when near to the 
minimum, they proceed with greater rapidity; whence the time of 
least brightness may be accurately calculated to within ten to fifteen 

^ minutes. It is moreover remarkable that this star, after having increased 
"in light for about an hour, remains for nearly the same period at the 
same brightness, and then begins once more perceptibly to increase. 
Tin very recently the duration of the period was held to be perfectly 
uniform, and Warm was able to present all observations pretty closely 
by assuming it to be 2d. 21h.. 48m. 58H* However, a more accurate cal- 
culation, in which was comprehended a space of time nearly twice as 
lon^ as that at Wurm's command, has shown that the period becomes 
gradually shorter. In the year 1784 jt was 2d. 20h. 48m. 59*4s., and in 
the year 1842 onljr 2d. 20h. 48m. 55-28. Moreover, from the most re- 
cent observations, it becomes very probable that this diminution of the 
period is at present proceeding more rapidly than before, so that for this 
star also a formula of sines for the disturbance of its period will in time 
be obtained. Besides, this diminution w^iU be accounted for if we as- 
sume that Algol comes nearer to us by about 2000 miles every year, or 
recedes from us thus fiir less each succeeding year ; for in that case his 
light would reach us as much sooner every year as the decrease of the 
period requires ; t. «., about the twelve thousandth of a second. If this 
oe the true cause, ^ formula of sines must eventually be deduced. 

(3) X Cygni, R. A. 296° 12', Decl. -f 32° 32'. This star also exhibito 
nearly the same irregularities as Mira. The deviations of the observed 
maxima from those calculated for a uniform period amount to forty days, 
but are considerably diminished by the introduction of a disturbance 
of 8^ single periods, and of another of 100 such periods. In its maxi- 
mum ^s star reaches the mean brightness of a fomt fifth magnitude, or 
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one gradation brighter than the star 17 Cygni. The flactaationB, how- 
ever, are in this case also very conBiderabiei and have been observed 
from thirteen gradations below the mean to ten above it. At this low- 
est maximum the star would be perfectly invisible to the naked eye, 
whereas, on the contrary, in the year 1847, it could be seen without 
the aid of a telescope for fully ninety-seven days ; its mean visibility 
extends to fifty-two days, of which, on the mean, it is twenty days on 
the increase, and thirty-two on the decrease. 

(4) 30 Hydne Hevelii, B. A. 200° 23', Decl. —22° 30'. Of this star, 
which,^ fh>m its position in the heavens, is only visible for a short time 
during every year, all that can be said is, that both its period and its 
maximum brightness are subject to very great irregularities. 

(5) Leonis B. =420 Mayeri ; B. A. 144° 52', Decl. +12^ 7'. This 
■tar IS often confounded with 18 and 19 Leonis, which are close to it, 
and, in consequence, has been very little observed ; sufiSciently, how- 
ever, to show that the period is somewhat irregular. Its brightness at 
the maximum seems also to fluctuate through some gradations. 

(6) fi Aquilffi, called also ti Antinoi ; B. A. 296° 12', Decl. +0° 37'. 
The period of this star is tolerably uniform, 7d. 4h. 13m. 53s. ; observa- 
tions, however, prove that at long intervals of time trifling fluctuations 
occur in it, not amounting to oiore than 20 seconds. The Variation of 
light proceeds so regularly, that up to the present time no deviations 
have been discoverea which could not be accounted for by errors of ob- 
servation. In its minimum, this star is one gradation fainter than t 
Aquilffi ; at first it increases slowly, then more rapidly, and afterward 
again more slowly ; and ia2d. 9h. from its minimum, attains to its great- 
est brightness, in which it is nearly three gradations brighter than j9, 
but two fidnter than 6 Aquilas. From the maximum its bnghtness does 
not diminish quite so regularly ; for when the star has reached the bright- 
ness of /9 (t. C', in Id. lOh. after the maximum), it changes more slowly 
than either before or afterward. 

{7) P LyriB, B* A. 281° 8', Decl. -l-330 11'; a star remarkable from 
the fact of its having two maxima and two minima. When it has beeu 
at its faintest light, one third of a gradation fainter than ^ Lyree, it rises 
in 3d. 5h. to its first maximum, in which it remains three fourths of a 
gradation fainter than y Lyrse. It then sinks in 3d. 3h. to its second 
minimum, in which its li^ht is about five gradations greater than that of 
^. After 3d. 2h. more, it again reaches, m its second maximum, to the 
brightness of the first ; and afterward, in 3d. 12h., declines once more 
to Its greatest faintness; so that in 12d. 21h. 46m. 408. it runs throneh 
all its variations of light. This duration of the period, however, only 
applies to the years 1840 to 1844;' previously it had been shorter — ^in 
the year 1784, by about 2ih ; in 1817 and 1818, by more than an hour ; 
and at present, a shortening of it ip again clearly perceptible. There 
is, therefore, no doubt that in the case of this star the disturbance of its 
period may be expressed by a formula of sineS. 

(8) 6 Cephei, B. A. 335° 54', Decl. +57° 39'. Of all the known va- 
riable stars, this exhibits in every respect the greatest regularity. The 
period of 5d. 8h. 47m. 39is..is given by all the observations from 1784 
to the present day, allowing for errors of observation, which will ac- 
count for all the slight diflerences exhibited in the course of the altern- 
ations of light. This star is in its minimum three quarters of a gradation 
brighter than e ; in its maximum it resembles i of the same constellation 
(Cephens). It takes Id. 15h. to pass from the former to the latter ; but, 
on UM owr band, more than double that time^ viz.', 3d. 18h., to change 
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again to its mimmum : daring^ eight hours of the latter period, howerer, 
it scarcely changes at all; and very inconsiderably for a whole day. 

(9) a Herculis, R. A. 256° 57', I>ecl. +14° 34'; an extremely red 
double star, the variation of whose light is in every respect yerv irreg- 
ular. Frequently^ its light scarcely changes for months together; at 
other times, in the maximumr it is nearly five gradations brighter than 
in the minimum ; consequently, the period also is still very uncertidn. 
The discoverer of the star's variation had assumed it to be sixty-three 
days. I at first set it down at ninety-five, until a careful reduction of all 
iny observations, made during seven years, at length gave me the peri- 
od assigned in the text. ' Heis believes that he can represent all the ob- 
servations by assuming a period of 184*9 days, with two maxima and 
two minima. 

(10) Corona B., R. A. 235° 36', Decl. 4-280 37'. This star is varia- 
ble only at times ; the period set down has been calculated by Koch 
fix)m his own observations, which unfortunately have been lost. 

(11) Scuti R., B. A. 279° 5?*, Dec!. — 5» 51'. The variations of bright- 
ness of this star are at times confined within a very few gradations, 
whereas at others it diminishes from the fifth to the ninth magnitude. It 
has been too Utile observed to determine when any fixed rule prevails 
in these deviations. The duration of the period is also subject to con- 
siderable fluctuations. 

(12) Virginis R., B. A. 197^ 43', Decl. +7^ 49'. It mahitains its pe- 
riod and its ntaximum brightness with tolerable regulari^ ; some devi- 
ations, however, do occur, which appear to me too considerable to be 
ascribed merely to errors of observation. 

(13) Aquarii B., R. A. 354^ 11', Decl. —16° 6'. 

(14) Serpentis R., R. A. 236° 57', Decl. -f 15° 36'. 

(15) Serpentis 8., R. A. 228^ 40^, Decl. -f-H® 52'. 

(16) Cancri R., R. A. 122° 6', Decl. +12«> 9^. 

Of these four stars, which have been but very slightly observed, little 
more can be said than what is given in the table. ~ 

(17) a Cassiopeiae, R. A. 9P C, Ded. +65^ 43'. This star is verjr diffi- 
cult to observe. The difference between its maximum and minimum 
only amounts to a few gradations, hud is, moreover, as variable as the 
duration of the period. This circumstance explains the Varying state- 
ments on this head. That which I have given, which satisfactorily. rep- 
resents the observations from 1782 to 1849, appeairs to me the most proo- 
able'one. 

(18) o Orionis, B. A. 86° 46', Decl. 4-70 22^. The variation in the 
light of this star likewise amounts to only four gradations froin the min- 
imum to the maximum. For 91^ days it increases in brightness, while 
its diminution extends over 104i, and is imperceptible from the twen- 
tieth to the seventieth day after the maximum. OccasionaQy its varia- 
bility is scarcely noticeable. It is a very red star. 

(19) a HydriB, R. A. UQP 3', Decl. —8° 1'. Of all the variable stars, 
this is the most difficult to observe, and its period is still altogether un- 
certain. Sir John Herschel sets it dowivat fi-om twenty-nine to thirty 
days. 

(20) e Aurigffi, R. A. 72^ 48', Decl. -f 43° 36'. The alternation of 
light m this star is either extremely irresular^ or else, in a period of sev- 
eral years, there are several maxima ana minima — a question which can 
not be decided for many ye^rs. 

(21) ; Geminorum, R. A. 103° 48', Diecl. +20° 47'. This star has 
hi&erto exhibited a perfectly regular course in the yariations of its light 
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Itfe brigbtoeM at its mixumiim keeps tbe mean between v and v of tbe 
same coDstellation ; in the maximum it does not quite reach that of X. 
It takes 4d. 21h. to attain, its fiill brightness, and 5d. 6h. for its diminu- 
tion. 

(22) fi Pegasi, R. A. 344° 7', DecL +27^ 16^ lU period is pretty 
well ascertained, but^ to the course of its variation of light nothing can 
as yet be asserted. 

(23) Pegasi R., R, A. 344° 47', DecL +9<^ 43'. 

(24) Cancri 8.,ll. A. 128^ 50', Decl. +19© 34'. 
Of these two stars nothing at present can be said. 

Fa. Akoelandsb. 

Variation op Light ik Stars whose Periodicity is 
Unascertained, — Lathe scientific investigatioa of important 
natural phenomena, either in the terrestrial or in the sidereal 
Sphere of the Cosmos, it is imprudent to connect together, 
without due consideration, subjects which, as regards their 
proximate causes, are still involved in obscurity. On this 
account we are careful to distinguish stars which have ap- 
peared and again totally disappeared (as in the star in Cas- 
siopeia, 1572) ; stars which have newly appeared and not 
again disappeared (as that in Cygnus, 1600) ; variable stars 
with ascertained periods (Mira (3eti,^ Algol) ; and stars whose 
intensity of light varies, of whose variation, however, the pe- 
riodicity is as yet unascertained (as r^ Argus). It is by no 
means improbable, but still does not necessarily follow, that 
these four kinds of phenomena* have perfectly similar causes 
in the photospheres of those remote suns, or in^the nature of 
their surfaces. 

As we commenced our account of new stars with the most 
remarkable of this class of celestial phenomena — ^the sudden 
appearance ot Tycho Brahe's star — so, influenced by similar 
considerations, We shall begin our statements conceniing the 
variable stars whose periods have ^ot yet been ascertained, 
with the unperiodical. fluctuations in the light of n Argus, 
which to the present day are still observable. This star is 
situated ia the great and ma^flcent constellation of the 

* Newton {Philot. Nat. Prinapia Maihem,, ed. Le Senr et Jacqnier, 
1760^ torn, iii., p. 671) distingaishes only two kinds of these sidereal 
phenomena. ** Stella) fixes quae per vices apparent et evanesciint, qnae- 
que paulatim cresciint, videntor revolvendo partem lucidam et partem 
obscuram per vices ostendere." The fixed stars, which alternately ap- 
pear and vanish, and wluch gradually increase, appear by turns to show 
an illuminated and a dark side. This explanation of the variation of 
light had been still earlier advanced by BiccioU. With respect to the 
caution necessary in predicating periodicity, see the valuable remarks 
of Sir John Herschel, in his ObservaHoM at the Cape, $ 261« 

K2 
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Shipi " the glory of the southern skieis." Halley, as long 
ago as 1677, on his return from his voyage to St. Helena, 
expressed strong douhts concerning the alternation of light 
in the stars of Argo, especially on the shield of the prow and 
on the deck {daTridioKij and icaTdoTpo)fia)y whose relative or- 
ders of magnitude had been given by Ptolemy.* However, 
in consequence of the little reliance that can be placed on 
the positions of the stars as set down by the ancients, of the 
various readings in the several MSS. of the Almagest, and 
of the vagua estimates of intensity of light, these doubts failed 
to lead to any result. According to Halley's observation in 
1677, ff Argils was of the fourth magnitude ; and by 1751 
it was already of the second, as observed by Lacaille. The 
star must have afterward returned to its fainter light, for 
Burchell, during his residence in Southern Africa, from 1811 
to 181^, found it of the fourth magnitude ; from 1822 to 1826 
it was of the second, as seen by Fallows and Brisbane ; in 
February, 1827, Burchell, who happened at that time to be 
at San Paolo, in Brazil, found it of the first magnitude, per^ 
fectly equal to a Crucis. After a year the star returned to 
the second magnitude. It was of this magnitude when Bia- 
ehell saw it on the 29th of February, 1828, in the Brazilian 
town of Goyaz ; and it is thus set down by Johnson and Tay- 
lor, in their catalogues for the period between 1829 and 1833. 
Sir John Herschel also, at the Cape of Good Hope, estimated 
it as being betwee^ the second and first nagnitude, from 
1834 to 1837. 

When, on the 16th of Decemberi 1837, this famous astron- 
omer was preparing to take the photometric measurements 
of the innumerable telescopic stars, between the eleventh 
and sixteenth magnitudes, which compose the splendid neb- 
ula around rj Argus, he was astonished to find this star, which 
had so often before been observed, increase to such intensity 
of light that it almost equaled^ the brightness of a Centauri, 
and exceeded that of all other stars of the first magnitude, 
except Canopus and Sirius. By the 2d of January, 1838, it 
had for that time reached the maximum of its brightness. 
It soon became fainter than Arcturus ; but in the middle of 
April, 1838, it still surpassed Aldebaran. Up to March, 
1843, it continued to diminish, but was even then a star o£ 
the first m^tgnitude ; after that time, and especially in April, 
1843, it began to increase so much in light, that, according 

* Delambre, HUi. de VAttron. Aneienne, torn, u., p. 280, iiiid Hitt. de 
VAttrm, u% I84NM fifi^/tf, p. 119. 
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to the observations of Mackay at Calcutta, and Maclear at 
the Csqpe, 97 Argus became more brilliant than Canopus, and. 
almost equal to Sirius."*^ This intensity of light was contin- 
ued almost up to the beginning of the present year (1850). 
A distinguished observer, Lieutenant GilHss, who commands 
the astronomical expedition sent by the government of the 
United States to the coast of Chili, writes from Santiago^ 
in February, 1850 : **ff Argus, with its yellowish-red light, 
which is darker than that of Mars, is at present next in brill- 
iancy to Canopus, and is brighter than the united light of 
a Centauri/'t Since the appearance of the new stars in 
Pphiuchus in 1604, no fixed star has attained to such an in- 
tensity of light, and for so long a period— ^now nearly seven 
years. In the 173 years (from 1677 to 1850) during which 
we have reports of the magnitude of this beautiful star in 
Argo, it has undergone from eight to nine oscillations in the 
augmentation and diminution of its light. As an incitement 
to astronomers to continue their observations on the phenom- 
enon of a great but unperiodical variability in tf Argus, it was 
fertunate that its appearance was coincident with ^e famous 
five years' expedition of Sir John Herschel to the Cape. 

In the case of several other stars, both isolated and double, 
observed by Struve {SteUarum compos. MensurcR Microm., 
p. Ixxi.-lxxiii.), similar variations of light have been no- 
ticed, which have not as yet been ascertained to be period- 
ical. The instances which we shall content ourselves with 
adducing are founded on actual photometrical estimations 
and calculations made by the same astronomer at difierent 
times^ and not on the alphabetical series of Bayer's Uranom- 
etry. In his treatise De fide Uranometrice Bayeriance, 
1842 (p. 15), Argelander has satisfactorily shown that Bayer 
did not by any means follow the plan of designating the 
brightest stars by the first letters of the alphabet ; but that, 
on the contrary, he arranged the letters by which he desig- 
nated stars of eqiial magnitude according to the positions of 

* Compare Sir John Herschel's ObtervtUidtu at the CapCf $ 71-78; 
and Outlinet of A8trdn.y $ 830 {Cosmosy vol. i., p. 153). « 

t Letter of Lieutenant GilHsB, astronomer of the Observatory at Wash- 
ington, to Dr. FlOgel, consul of the United States of North America at 
Leipsic (in manusoript). The doodless purity and transparency of the 
atmosphere, which mst for eight months, at Santiago, in Chili, are so 
great, that Lieutenant Gilliss (with the Jirit great teletcape ever cot^ 
strueted in America, having a diameter ot seven inches, constructed by 
Henry Fitz, of New York, and William Young, of Philadelphia) wa» 
able clearly to recognize the sixth star in the trapezium of Orion. 
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tbe Stan in a conBtellation, beginning utnally at the head, 
and proceeding, in regular order, down to the feet. The or- 
der of letters in Bayer's Uranometria has long led to a be- 
lief that a change of light has taken place in a Aquils, in. 
Castor Geminorum, and in Alphard of Hydra, 

Struve,in 1838, and Sir John Hersohel, observed Capella 
increase in light. The latter now finds Capella much bright- 
er than Vega, though he had always before considered it 
fainter.* Galle and Heis come to the same conclusion, from 
their present comparison of Capella and Vega. The latter 
finds Vega between five and six gradations, consequently 
more thui half a magnitude, the fainter of the two. 

The variations in the light of some stars in the constella- 
tions of the Greater and of the Lesser Bear are deserving of 
especial notice. " The star 17 UrssB majoris," says Sir John 
Herschel, "is at present certainly the most brilliant of the 
seven bright stars in the Great Bear, although, ill 1837, e 
unquestionably held the first place among them." This re- 
mark induced me to consult Heis, who so zealously and care- 
fully occupies himself with the variability of stellar light. 
" The following," he writes, " is the order of magnitude which 
results from my observations, carried on at^ Aix-la-Chapelle 
between 1842 and 1850 : 1. e Urss majoris, or Alioth; 2. 
a, or Dubhe ; 3. ?;, or Benetnasch ; 4. d, or Mizar ; 5. ; 6. 
7 ; 7. d. The three stars, e, a, and iy, of this group, are near- 
ly equal in brightness, so that the slightest want of clearness 
in the atmosphere might render their order doubtful ; ^ is de- 
cidedly fainter than the three before mentioned. The two 
stars j3 and y (both of which are decidedly duller than X) are 
nearly equal to each other ; lastly^ d, which in ancient maps is 
usually set dovim as of the same mi^^tude with s^d y, is 
by more than a miagnitude fainter than these ; b is decided- 
ly variable. Although in general this star is brighter, I have 
nevertheless, in three years, observed it on five occasions to 
be undoubtedly fainter than d. I also consider jS Ursaa ma- 
joris to be variable, though I am unable to give any fixed 
periods. In the years 1840 and 1841i Sir John Hersohel 
ibund j3 Ursae minoris much brighter, than the Pcdaf star ; 
whereas still earlier, in May, 1846, the contrary was ob- 

* Sir John Herschel {Observatiofu at ike Cape^ p. 334, 350, note 1, aUd 
440). For older observations of Capella and Vega, see William Her- 
schel, in the Phihi. TrantaeL, 1797, p. 307, 1799, p. 121 ; and Bode's 
,Jahrbuek fitr 1810, s. 148. Argelander, on the other hand, advancet 
many doubts as to the variaticm of Capella and of the stan of the Bean 
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served by him. He also comjectuies to be variable.* Since 
1843, I have, as a rule, found Polaris fainter than j3 Ursaa 
minoris ; but from October, 1843, to July, 1849, Polaris was, 
according to my registers, fourteen times brighter than j3. I 
have had frequent opportunities of convincing myself that the 
color of the last-named star is not always equally red ; it is 
at times more or less yellow, at others most decidedly red."t 
All the pains and labor spent in determining the relative 
brightness of the stars will never attain any certain result 
until the arrangement of their magnitudes from mere esti- 
mation shall have given place to methods of measurement 
founded on the progress of modem optical jscience.J The 
possibility of attaining such an object^need not be despaired 
of by astronomers and physicists. 

The probably great physical similarity in the process of 
light in all self-luminous stars (in the central body of our own 
planetary system, and in the distant suns or fixed stars) has 
long and justiy directed attention to the importance § and 
significance which attach to the periodical or non-periodical 
variation in the light of the stars in reference to climatology 
generally ; to the history of the atmosphere, or the varying 
temperature which our planet has derived in the course of 
thousands of years from the radiation of the sun ; with the 
condition of organic life, and its forms of development in dif- 
ferent degrees of latitude. The variable star in the neck of 
the Whale (Mira Ceti) changes from the second magnitude 
to the eleventh, and sometimes vanishes altogether ; we have 
seen that tf A^gns has increased from the fourth to the first 
magnitude, and among ^e stars of this class has attained to 
the brilliancy of Canopus, a^nd almost to that of Sirius. Sup- 
posing that our own sun has passed through only a very few 
of these variations in intensity of light and heat, either in an 
increasing or decreasing ratio (and why should it difier from 
other suns ?), such a change, such a weakening or augment- 

* Observations at the Cape, $ 259, note 260. 

t Heis, in his Manuscript Notices of May, 1850 ; ako Observations at 
the Cape, p. 325 ; and P. von BoguslaWski, Uranus for 1848, p. 186. 
The asserted variation of 9, a, and d Uns majoris u also ccmfbrmed in 
OutlineJi, p. 559. See M&dler, Astr., p^ 432. On the saccession of the 
■tara whicn, from their proximity, will in time, mark the north pole, 
nntil, after the lapse of 12,000 years, Vega, the brightest of all possible 
pohur stars, will take their place. I Vide supra, p. 96. 

$ Williun Herschel, On the Changes that happen to the Fixed Stars, 
in the Philos. Transact, for 1796, p. 186. Sir John Herschel, in the 
Observations at the Cape, p. 350-352; as also in Mrs. SomerviUe's ex- 
oellent work, Connection of the Physical Sciences, 1846, p. 407. 
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ation of its light-process, may account for far greater and 
more fearful results for our own planet than any required for 
the explanation of all geognostic relations and ancient telluric 
revolutions. William Herschel and Laplace were the first 
to agitate these views. If I have dwelt upon them some- 
what at length, it is not because I would seek exclusively in 
these the solution of the great problem of the changes of 
temperature in our earth. The primitive high temperature 
of this planet at its formation, and the solidification of con- 
glomerating matter ; the radiation of heat from the deeper 
strata of the earth through open fissures and through unbilled 
veins ; the greater power of electric currents ; a very differ- 
ent distribution of sea and land, rna/y also, in the earliest 
epochs of the earth's existence, have rendered the diffusion 
of heat independent of latitude ; that is to say, of position 
relatively to a central body. Oosmical considerations must 
not be limited merely to astrognostic relations. 



V. 

PROPER MOTION OF THE FIXED STARS.— PROBLEMATICAL EXIST- 
ENCE OF DARK COSMICAL BODIES.— PARALLAX.— MEASURED DIS- 
TANCES OF SOME OF THE FIXED STARS.— DOUBTS AS TO THE AS- 
SUMPTION OF A CENTRAL BODY FOR THE WHOLE SIDEREAL HEAV- 

ENa 

The heaven of the fixed stars, in contradiction to its very 
name, exhibits not only changes in the intensity of light, but 
also further variation from the perpetual motion of the indi- 
vidual stars. Allusion has already been made to the fact 
that, vtdlliout disturbing the ^quilibriimi of the star-systems, 
no fixed point is to be found in the whole heavens, and that 
of all the bright stars observed by the earliest of the Greek 
astronomers, not one has kept its place unchanged^ In the 
case of Arcturus, oi\u Cassiopeiae, and of a double star in Cyg- 
hus, this change of position has, by the accumulation of their 
annual proper motion during 2000 years, amounted respect- 
ively to 2|, 3|, and 6 moon's diameters. In the course of 
3000 years about twenty fixed stars will have changed their 
places by 1° and upward.* . Since the proper motions of the 
fixed stars rise from ^'^^th of a second to 7*7 seconds (and 

* Enckd, Betnzchtungen fiber die Anordnung dee Stem-eyetewu, 8. 12. 
Vide eupra, p. 27. M&dler, Ae^., s. 445. 
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consequently differ, at the least, in the ratio of 1 : 154), the 
relative distances also of the fixed stars firom each other, and 
the configuration of the constellations themselves, can not in 
long periods remain the same. The Southern Cross will not 
always shine in the heavens exactly in its present form, for 
the four stars of which it consists move with unequal veloc- 
ity in difierent paths. How many thousand years will elapse 
before its total dissolution can not be calculated. In the re- 
lations of space and the duration of time, no absolute idea 
can be attached to the terms great and small. 

In order to comprehend under one general point of view 
the changes that take place in the heavens, and all the mod- 
ifications which in the course of centuries occur in the phys- 
iognomic character of the vault of heaven, or in the aspect 
of the firmament from any particular spot, we must reckon 
as the active causes of this change : (1), the precession of 
the equinoxes and the mutation of the earth's axis, by the 
combined operation of which new stars appear above the 
horizon, and others become invisible ; (2), the periodical and 
non-periodical variations in the brightness of many of the 
fixed stars ; (3), the sudden appearance of new stars, of 
which 2if few have continued to shine in the heavens ; (4), 
the revolution of telescopic double stars round a common 
center of gravity. Among these so-called fijced stars, which 
change slowly and unequally both in the intensity of their 
light and in their position, twenty principal planets move in 
a more rapid course, five of them being accompanied by 
twenty satellites. Besides the innumerable, but undoubt- 
edly rotatory fixed stars, forty moving planetary bodies have 
up to this time (October, 1850) been discovered. In the 
time of Copernicus and of Tycho Brahe, the great improver 
of the science of observation, only seven were known. Near- 
ly two hundred comets, five of which have short periods of 
revolution and are interior, or, in other words, are inclosed 
within those of the principal planets, still remain to be men- 
tioned in our list of planetary bodies. Next to the actual 
planets and the new cosmical bodies wl^ich shine forth sud- 
denly as stars of the first magnitude, the comets, when, dur- 
ing their usually brief appearance they are visible to the na- 
ked eye, contribute the most vivid animation to the rich /wc- 
ture'^ had almost said the impressive landscape — of the 
starry heavens. 

The knowledge of the proper motion of the fixed stars is 
closely connected historically with the progress- of the sci- 
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ence of observation through the impxoyement of instnunexits 
and methods. The discoveiy of this motion was first ren- 
dered practicable when the telescope was combined with 
gradtuited instruments; when, from the accuracy of within 
a minute of an arc ^which after much pains Tycho Brahe 
first succeeded in givmg to his observations on the island of 
Hven), astronomers gradually advanced to the accuracy of 
a second and the parts of a second ; and when it became 
possible to compare with one another results separated by a 
long series of years. Such a comparison was made by Hal- 
ley with respect to the positions of Sirius, ArcturuS; and Al- 
debaran, as determined by Ptolemy in his Hipparchian cat- 
alogue, 1844 years before. Bv this comparison he consid* 
ered himself justified (1717) m announcing the fact of a 
proper motion in the three above-named fixed stars.* The 
high and well-merited attention which, long subsequent even 
to the observations of Flamstead and Bradley, was paid to 
the table of right ascensions contained in Uie Triduuni of 
Romer, stimulated Tobias Mayer (1756), Maskelyne (1770), 
and Fiazzi (1800) to compare Eomer's observations vnth 
more recent ones.t The proper motion of tl^e stars was in 
some degree recognized as a general fact« even in the mid- 
dle of the last century ; but for the more precise and numer- 
ical determination of this class of phenomena we are in- 
debted to the great work of William Herschel in 1783, found- 
ed on the observations of Plainstead,t and still more to Bes- 
sel and Argelander's successful comparison of Bradley's " Po- 
sitions of the Stars for 1755" with recent catalogues. 

The discovery of the proper motion of the fixed stars has 
proved of so much the .greater importance to physical astron* 
omy, as it has led to- a knowledge of the tnotion of our own 
solar system through the star-filled realms of space, and, in- 
deed, to an accurate knowledge of the direction of this mo- 
tion. We should never have become acquainted with this 
fact if the proper progressive motion of the fixed stars were 
so small as to elude sdl our measurements. The zealous at- 
tempts to investigate this motion, both in its quantity and 
its direction, to determine the parallax of the fixed stars, and 

* HaUey, in the Phile*. Trantaet, for 1717-1719, vol. xxx., p. 736. 
The essay, however, referred solely to variationsjn latitude. Jacques 
Gassini was the first to add variatioDs in lovgitude. (Arago, in the At^ 
Huaire paur 1842, p. 387.^ 

t Delambre, Hist, de VAstron. ModemCt t. ii., p. 658, Also in Hist- 
de VAstron, au l^me SUele, p. 448. 

% Philos, Trmuact,, yol. kuiL, p. 138. 
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their distances^ have, by leading to the improvement and 
perfection of arc-grfiiduation and optical instruments in con- 
nection with micrometric appliances, contributed more th^n 
any things else to raise the science of observation to the 
height which, by the ingenious employment of great merid- 
ian-circles, refractors, and heliometers, it has attained, espe- 
cially since the year 1830. 

The quantity of the measured proper motions of the stars 
varies, as we intimated at the commencement of the present 
section, from the twentieth part of a sepond almost to eight 
seconds. The more luminous stars have in general a slower 
motion than stars from the fifth to the sixth and seventh mag- 
nitudes.* Seven stars have revealed an unusually great 
motion, namely : Arpturus, first magnitude (2"* 25) ; a Gen- 
tauri, first magnitude (3"* 58) ;t fi CassiopeisB, sixth magni- 
tude (3''* 74); the double star, 6 Eridani, 5*4 magnitude 
(4"08) ; the double star 61 Cygni, 56 magnitude (5"123), 
discovered by Bessel in 1812, by means of a comparison with 
Bradley's observations ; a star in the confines o( the Canes 
Yenatici,t and the Great Bear, No. 1830 of the catalogue of 
the circumpolar stars by Groombridge, seventh magnitude 
(according to Argelander, 6"-9.74) ; e Indi (7"*74, according 
to D'Arrest) ;i 2151 Puppis, sixth magnitude (7"-871). The 
arithmeticallj mean of the several proper motions of the fixed 
stars in all the zones into which the sidereal sphere has been 
divided by Madler would scarcely exceed 0''*102. 

An important i,nquiry into the "Variability of the proper 
motions of Procyon and Sirius," in the year 1844, a short 

* Bessel, in the Jahrbueh von Schumacher fitr 1839, 8. 38. Arago 
ulnniMitre ;K7ttr 1842, p. 389. 

t a Centanri, see Ueaderaon and Maelear, in the Memoir$ of the 
Astronu Soc,f vol. zi., p. 61 ; and Fiazzi Smjrth, in the Edinburgh 
Transact.y. yoL xvi., p. 447. The proper motioh of Arctorus, 2"*25 
(Baily, in the same Memoire, vol. y^ p. 165), considered as that of a 
very bright star, may be called very large in comparison with Aldeba- 
ran, 0"*185 (Madler, Centralsonne, s. 11), and a Lyne, 0"*400. Among 
the star9 of the first magnitude, a Centauri, with its great proper motion 
of 3'''58, forms a veiy remarkable exception. The proper motion of 
the binary system of Cygnus amounts, according to Bessel (Schum,, 
Astr. Nachr,, bd. xvi., s. 93), to 5"- 123. 

X Schumacher's Attr. Naekr.f No. 455. . 

$ Op. eit.. No. 618, s. 276. D'Arest founds this result on comparisons 
of Lacaille (1750) with Brisbane (1825)^ and of Brisbane with Taylor 
(1835). The star 2151, Puppis, has a proper motion of 7"*871, and is 
of the sixth magnitude. (Maelear, in Madler's UfUert. ftier die Fix^ 
stem-Systetne, th. ii., s. 5.) 

J Schum., Aetr, Nachr,, No. 661, s. 201. 
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time, therefore, before the beginning of his last and painM 
illness, led Bessel, the greatest astronomer of our time, to the 
conviction ** that stars whose variable motion becomes appar- 
ent by means of the most perfect instruments, are parts of 
systems confined to very limited spaces in proportion to their 
great distances from one another." This belief in the exist- 
ence of double staijs, one of which is devoid of light, was so 
firmly fixed in BesseFs mind, as my long correspondence with 
him testifies, that it excited the most universal attention, 
partly on his account, and partly firom the great interest 
which independently attaches itself to every enlargel^ent of 
our knowledge of tibe physical constitution of the sidereal 
heavens. " The attracting body," this celebrated observer 
rexnarked, " must be very near either to the fixed star which 
reveals the observed change of position, or to the sun. As, 
however, the presence of no attracting body of Considerable 
mass at a very small distance from the sun has yet been per- 
ceived in the motions of our own {danetary system, we are 
brought back to the supposition of its very small distance 
from a star^ as the only tenable explanation of that change 
in the proper motion which, in the course of a Century, be- 
comes appreciable."* In a letter (dated July, 1844) in an- 
swer to one in which I had jocularly expressed my anxiety 
regarding the spectral, world of dark stars, he writes : ^*At 
all events, I continue in the belief that Procyon and Sirius 
are true double stars, consisting of a visible and an invisible 
star. No reason exists for considering luminosity an essen- 
tial property of these bodies. The fact that numberless stars 
are visible is evidently no proof against the existence of an 
equally incalculable number of invisible ones. The physical 
difficulty of a change in the proper motion is satisfactorily 
set aside by the hypothesis of dark stars. No blame attaches 
to the simple supposition that the change of velocity only 
takes place ip consequence of the action of a force, and that 
forces act in obedience to the Newtonian laws." 

A year after Bessel's death. Puss, at Struve's suggestion, 
renewed the investigation of the anomalies of Procyon and 
Sirius, partly with new observations with Ertel's meridian- 
telescope at Pulkowa, and partly with reductions of, and com- 
parisons with, earlier observations. The result, in the opin- 
ion of Struve and Fuss,t proved adverse to Bessel's assertion. 

• Schum., Attr. Nachr., Nob. 514-516. 

t Struve, Etude$ d'Aitr. Stellaire, Texte, p. 47, Notes, p. 26, and 51- 
57 ; Sir John HerKhel, OutL, $ 859 and 860. 
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A laborious investigation which Peters has now completed 
at Konigsberg, on the other hand, justifies it ; as does also a 
similar one advanced by Schubert, th& calculator for the 
North American Nautical Almanac, 

The behef in the existence of non-luminous stars was dif- 
fused even among the ancient Greeks, and especially in the 
earliest ^es of Christianity. It was assumed that among 
the fiery stars which are nourished by the celestial vapors, 
there revolve certain other earth-like bodies, which, however, 
remain invisible to us."* The total extinction of new stars, 
especially of those so carefully observed by Tycho Brahe and 
Kepler in Cassiopeia and Ophiuchus, appears to corroborate 
this opinion. Since it was at the time conjectured that the 
first of these stars had already twice appeared, and that, too, 
at intervals of nearly 300 years, the idea of annihilation 
and total extinction naturally gained little or no credit. The 
immortal author of the Micaniqtie CSleste bases his convic- 
tion of the existence of non-luminous masses in the universe 
on these same phenomena of 1572 and 1604 : '' These stars, 
that have become invisible after having surpassed the brill- 
iancy of Jupiter, have not changed their place during the 
time of their being visible." (The luminous process in them 
has simply ceased.) " There exist, therefore, in celestial 
space dark bodies of equal magnitudes, and probably in as 
great numbers a& the stars."! So also Madler, in his Un- 
tersuchungen uber die Fixstern-Systemey says :$ "A dark 
body might be a central body ; it might, like our own sun, 
be surrounded in its immediate neighborhood only by dark 
bodies like oin: planets. The motions of Sirius and Procyon, 
pointed out by Bessel, force us to the assumption that there 
are cases where luminous bodies form the satellites of dark 
masses."^ It has been already remarked that the advocates 
of the emanation theory consider those masses as both invis- 
ible, and also as radiating light : invisible, since they are of 
such huge dimensions that the rays of light emitted by them 
(the molecules of light), being' impeded by the force of at- 
traction, are unable to pass beyond a certain limit.ll If, as 

. * Origen, in Grtmov. Thetaur,, t. x., p. 271. 

t Laplace, Expos, du 8ytt» du Monde, 182?, p. 395. Lambert, in hit 
Kosmologitehe Brief e, showa remarkable tendency to adopt the hypoth- 
esis of large dark bodies. 

X Madler, Untersrieh. €kber die JFixtCemrSysteme, th. ii. (1848), s. 3 ; 
and his AMtronomyt s. 416. ^ $ Vide note t, p. 186. 

H Vide supra, p. 88, and note ; Laplace, in Zach's AUg, Qeogr. 
Epktm,, bd. ir., 0. 1 ; Madler, Asfr,^ s. 393. 
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may well be assumed, there exist, in the reg[ionB of space, 
dark invisible bodies in which the process of light-producing 
vilnration does not take place, these dark bodies can not faU. 
within the sphere of our own planetary and cometary system, 
or, at all events, their mass can only be very small, since 
their existence is not revealed to us by any appreciable dis- 
turbances. 

The inquiry into the quality and direction otthe motion of 
the fixed stars (both pf the true motion proper to them, and 
also of their appiarent motion, produced by the change in 
the place of observation, as the earth moves in its orbit), the 
determination of the distances of the fixed stars from the 
sun by ascertaining their parallax, and the tonjecture as to 
the part in universal space toward which our planetary 
system is moving, are three problems in astronomy which, 
through the means of observation already successfully em- 
ployed in their partial solution, are closely connected with 
each other. Every improvement in the instruments and 
methods which have been used for the furtherance of any 
one of these difficult and complicated probleois has been 
beneficial to the others. I prefer commencing with th^ par- 
allaxes ai^d the determination of the distances of certain fixed 
stars, to complete that which especially relates to our pres- 
ent knowledge of isolated fixed stars. 

As early as the beginning of the seventeenth century, 
Galileo had suggested the idea of meastiring the *' certainly 
very unequal distances of the fixed stars firom the solar sys- 
tem," and, indeed, with great ingenuity, was the first to 
point out the means of discovering ttie parallax ; not by de- 
termining the star's distance from the zenith or the pole, ** but 
by the careful comparison of one star with another very near 
it." He gives, in very general terms, an account of the mi- 
crometrical method which William !Eerschel (1781), Strove, 
and Bessel subsequently made use of. ' * Perche io non credo,' * 
says Galileo,* in his third dialogue (Giornata terza), ** che 
tutte le stelle siano sparse in una sferica superficie egual" 
mente distanti da un cetUro; ma stimo, che le lore lonta- 
nanze da noi siano talmente vane, che alcune ve ne possano 
esser 2 e 3 volte piii remote di alcune altre ; talche quando 
si trovasse col telescopic qualche picciolissvma Stella vici- 

* Opere di Galileo Galilei, vol. zii., Milano, 1811, p. 206. This re> 
markable passage, which expresses the possibility and the project of 
a measurement, was pointed oat by Arago ; see his Annuairc pour 1842» 
p. 382. 
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hissima ad ailcuna ddle maggiori, e che pero quella fasso al- 
tissima, potrebbe accadere che qucdche sensibU nmtazione 
stcccedesse tra di loro.^^ " "Wherefore I do not believe," says 
Galileo, in his third dificoiirse (Giomata terza), '' that all the 
stars are scattered over a spherical superficies at equal dis- 
tances from a common center ; but I am of opinion fliat their 
distances from us are so various that some of them may be 
two or three times as remote as others, so that when some 
minute star is discovered by the telescope close to one of the 
larger, and yet the former is highest, it may be that some 
sensible change might take place among them." The in- 
troduction of the Copernican system imposed, as it were, the 
necessity of numerically determining, by means of measure- 
ment, the change of direction occasioned in the position of 
the fixed stars by the earth's semi-annual change pf place in 
its course round the sun. Tycho Brahe's angular determina- 
tions, of which Kepler so successfully availed himself, do not 
manifest any perceptible change arising from parallax in 
the apparent positions of the fixed stars, although, as I have 
already stated, they are accurate to a minute of the arc. 
For this the Copemicans long consoled themselves with the 
reflection that the diamieter of the earth's orbit (16^^ mill- 
ions of geographical miles) wks insignificant when compared 
to the immense distance of the fixed stars. 

I'he hope of being able to determine the existence of par- 
allax must accordingly have been regarded as dependent on 
the perfection of optical and measuring instruments, and on 
the possibility of accurately measuring -very small angles. 
As long as such accuracy was only secure within a minute, 
the non-observance of parallax merely testified to the fact 
that the distance of the fixed stars must be more than 3438 
times the earth's mean distance from the sun, or semi-di- 
ameter of its orbit.* This lower limit of distances rose to 
206,265 semi-diameters when certainty to a second was at- 
tained in the observations of the great astronomer, James 
Bradley ; and in the brilliant period, of Frauenhofer's instru- 
ments (by the direct measurement of about the tenth part 
of a second of arc), it rose still higher, to 2,062,648 mean 
distances of the earth. The labors and the ingeniously con« 
trived zenith apparatus of Newton's great cotemporary, Rob- 
ert Hooke (1669), did not lead to the desired end. Picard, 
Horrebow (who worked, out Eomer's rescued observations), 

* BmmI, in Schtnnacher'a /a4i^./Kr 1839, 8. 511. 
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and Flamfitead believed that they had discovered parallacea 
ef several secoads, whereas they had confounded the proper 
motions of the stars with ^e true changes from parallax. 
On the other hand, the ingenious John Michell {PhU. Trans, 
1767, vol. Ivii.^ p. 234-264) was of opinion that the paral- 
laxes of the nearest fixed stars must be less than C'02, and 
in tliat case could only '' become perceptible when magnified 
12,000 times." In consequence of the widely-difiused opin- 
ioiv that the superior brilliancy of a star must invariably in- 
dicate a greater proximity, stars of the first magnitude, as^ 
for instance, Yega, Aldebaran, Sirius, and Procyon, were, 
with Uttle success, selected for observation by Calandrelli 
and the meritorious Piazzi ( 1 805). These observations must 
be classed with those which Brinkley published in Dubhn 
(1815), and which, ten years afterward, were refuted by 
Pond, and especially by Airy. An accurate and satisfactory 
knowledge of parallaxes, founded on micrometric measure^- 
ments, dates only from between the years 1832 and 1838. 

Although Peters,* in his valuable work on the distances 
of the fixed stars (1846)^ estimates the number of parallaxea 
hitherto discovered aj 33, we shall content ourselves with re- 
ferring to 9, which deserve greater, although very difierent, 
degrees of congdence, and which we shaU consider in the 
probable order of their detemlinations. 

The first place is due to the star 61 Cygni, which Bessel 
has rendered so celebrated. The astronomer of Konigsberg 
determined, in 1812, the latge proper motion of this double 
star (below the sixth magnitude), but it was not until 1838 
that, by means of the heliometer, he discovered its parallax. 
Between the months of August, 1812, and November, 1813, 
my friends Arago and Mathieu instituted a series of numer- 
ous observations for the purpose of finding the parallax of 
the star 61 Cygni, by measuring its distance from the zenith. 
In the course of their labors they arrived at the very correct 
conclusion that the parallax of this star was less than half a 
second.t So late as 1815 and 1816, Bessel, to use his own 

* Strove, A$tr, 8tdl., p. 104. 

f Arago, in the OonnaisMfUe des Temp$ pour 1834, p. 281 : ** Notts 
observftmes avec beaacoup de soin, M. Mathien et moi, pendant le 
mois d*Aoilt, 1812, et pendant le mois de Novembre suivant, la haatear 
aogulaire de I'^ile aadesaos de Phorizon de Paris. Oette hauteur^ k 
la seconde ^poqne, ne sarpasse la haateur angulaire k la premiere que 
de 0''*66. Une panillaxe absolue d'une leale seconde anrait n^oessaire- 
ment amen^ entre ces-decix hanteurs une diffi^uce de 1^''2. Nos ob- 
servationa n'indiqaeut donc^ pas que le rayon de Torbite terreste, quo 
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words, '* had arrived at no available result."* The observa- 
tions taken from Au^st, 1837, to October, 1838, by means 
of the great heliometer erected in 1829, first led him to the 
parallax of 0''*3483, which corresponds with a distance of 
592,200 mean distances of the earth, and a period of 9^ 
years for the -transmission of its light. Peters confirmed this 
result in 1842 by finding 0"-3490, but subsequently changed 
Bessers result into 0"'3744 by a correction for temperature.f 
The parallax of the finest double star of the southern hem- 
isphere (a Centauri) has been calculated at 0"'9128 by the 
observations of Henderson, at the Cape of Good Hope, in 

39 millions de lieues soient yob de la 61* da Cygne sdas nil angle de 
plus d*an6 demi-seconde. Mais nne base yne perpendiculairement sou- 
tend un angle d^ne demi-seconde quand on est 6loign6 de 412 miUo 
fois sf^longueor. Done la 61* du Cy^e est an moins- k une distanoe 
de la terra ^gale k 412 mille fois 39 millions de lieues." ** Daring the 
month of August, 1812, and also daring the following^ November, Mr. 
Mathieu and myself verjr carefully observed the altitude of the star 
above the horizon, at Paris. At the latter period its altitude only ex- 
ceeded that of the former bjr C*66. An absolute parallax of only a 
single second would necessanly have occasioned a difference of l''*2 
between these heishts. Our observations do not, therefbre, show that 
a semi-diameter of the earth's orbit, or thirty-nine millions of leagues, 
are seen from the stai* 61 of Cygnus, at an angle of more than 0'^*5. 
But a base viewed perpendicularly subtends an angle of 0^''5 only when 
it is observe^ at a distance of 412,000 times its length. Therefore the 
st^r 61 Cygni is situated at a distance from our earth at least e<}aal to four 
hundred uid twelve thousand times thirty-nine millions of leagues.'' 

* Bessel, in fichttm., Jahrb. 1839, s. 39-49, and in the Astr. Naekr,, 
No. 366, gave the result 0^''3136 as a first approximation. His later and 
final result was 0^^-3483. {Astr. Naekr., No. 4D2, in bd. xvii., s. 274.) 
Peters obtained by his own observations the following, almost identical, 
result of 0"-3490. (Struve, Attr. SteU., p. 99.) The alteration which, 
after Bessel's death, was made by Peters in Bessel's calculations of the 
angular measurements, obtained by the KOnipberg faeUometer, arises 
from the circumstance that Bessel expressed his intention {Attr, Nachr., 
bd. xvii., s. 267) of investigating fiirther the influence of temperature 
on the results exhibited by the. heliometer. This purpose he had, in 
&ct, partially fulfilled in the first volume of his AttronomUehe Uniertueh' 
fMf^en, but he had not applied the corrections of tenmerature to the ob- 
servations of parallax. This application was made by the eminent as- 
tronomer Peters {ErgdnxUngtcheft zu den Attr. Naekr., 1849, s. 56), 
and the result obtained, owing to the corrections of temperature, was 
0"-3744 instead of 0"-3483. 

t This result of 0^'*3744 gives, according to Argelander, as the dis- 
tance of the doable star 61 Cygni from the sun, 550,900 mean distances 
of the earth from the san, or 45,576,000 mUes, a distance which li^fat 
traverses in 3177 mean days. To judge from^ the three consecutive 
statements of parallax giv^n by Bessel, 0'''3136, 0''-348d, and 0"-3744, 
this celebrated double star has apparently come gradually nearer to us 
in light passages amounting respectively to 10, 9j, and 8^^ years. 
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1832| and by those of Maclear in 1839.* According to this 
statement, it is the nearest of all the fixed stars that have 
yet been measured, being three times nearer than 61 Cygni. 

The parallax of a Lyrse has long been the object of 
Struve's observations. The earher observations (1836) 
gavet between 0"07 and 0"18 ; later ones gave 0"-2613, 
and a distance of 771,400 mean distances of the earth, with 
a period of twelve years for the transmission of its light.f 
But Peters found the distance of this brilliant star to be 
much greater, since he gives only 0"'103 as the parallax. 
This result contrasts with another star of the first magni- 
tude (a Centauri), and one of the sixth (61 Oygni). 

The parallax of the Polar Star has been fixed by Peters 
at 0"*106, after many oomparisons of observations made be- 
tween the years 1818 and 1838 ; and this is the more sat- 
isfiaustory, as &e same comparisons give the aberration at 
20"-456.i 

The parallax of Arcturus, according to Peters, is 0"127. 
Riimker's earlier observations with the Hamburg meridian 
circle had made it considerably larger. The parallax of an- 
other star of the first magnitude, Gapella, is still less, being, 
according to Peters, 0"046. 

The star No. 1830 in Groombridge's Catalogue, which, 
according to Argelander, showed the largest proper motion 
of all the stars &at hitherto have been observed in the firm- 
ament, has a parallax of 0'''226, abcording to 48 zenith 
distances which were taken with much accuracy by Peters 
during the years 1842 and 1843. Faye had believed it to 
be five times greater, 1"*08, and therefore greater than the 
parallax of a Centauri. || 

* Sir John Hencfael, Online, p. 545 and 551. Midler (A$tr., b. 425) 
gives in the case of a Centauri the parallax 0"'9213 instead of 0"*9128. 

t Strove Stella compote Mens. Mierom.f p. chdx.-clxzii. Airy makes 
the parallax of a Lyree, which Petera had previonsty reduced to 0''*1, 
still lower; indeed, too small to be measurable by our present instn^ 
ments. (Mem, of ike Rofol Aetr, 8ae,y vol. x., p. 270<) 

f Strove, On the MiertrmeMeal AdmeaeuremenU by the Cheat jRefraet' 
or at Dorpat (Oct., 1839), in Schum., Aetr, Naehr,, No. 396, s. 178. 

$ Peters, in Straye, Aetr, SteU,, p. 100. li Id., p. 101. 
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Fixed Star. 


Parallax. 


Probable 
Error. 


Name or Observer. 


a Centauri 

61 Cygni 


0'- 913 
0"-3744 
0"- 230 
0"' 526 
0"- 133 
0'- 127 
0"- 207 
0"- 106 
O''- 046 


0^^070 
0"020 

0"141 

o^'ioe 

0"073 
0''038 
0"012 
0"-200 


Henderson and Maciear. 

Bessel. 

Henderson 

Peters. 

Peters. 

Peters. 

Peters. 

Peters. 

Peters. 


Sirlus 


1880, Groombridge. 

tUrsBB Maj 

Arcturus ;.. 


a Lyrae 


Polaris . . ^ 

Capella , 





It does not in general follow from the results hitherto ob- 
tained that the brightest staxs are likewise the nearest to us. 
Although the parallax of a Gentauri is the greatest of all at 
present known, on the other hand, Vega Lyne, Arcturus, and 
especially Capella, have parallaxes from three to eight times 
less than a star of the sixth magnitude in Gygnus. More- 
over, tiie two stars which after 2151 Puppis and e Indi show 
the most rapid proper motion, viz., the star just mentioned 
in the Swan (with an annual motion of 5"* 123), and No. 
1830 of Groombridge, which in France is called Argblander's 
star (with an annual motion of 6"* 974), are three and four 
times more distant from the sun than a Qeutauri, which has 
a proper motion of 3"'58. Their volume, mass, intensity of 
light,^ proper motion, and distance from our solar system, 
stand in various complicated relations to each other. Al- 
though, therefore, generally speakings it may be probable that 
the brightest stars are nearest to us> still -^ere may be cer- 
tain special very remote stars, whose photospheres and sur- 
faces, from the nature of their j^ysical constitution, maintain 
a very intense luminous process. Stars which from their 
brilhancy we reckon to be of th^ first magnitude, may be 
further distant irom us than others of the fourth, or even of 
the sixth magnitude. When we pass by degrees from the 
consideration of the great stariry stratum of which our solar 
system is a part, to the particular subordinate systems of t>nr 
planetary world, or to the still lower systems of Jupiter's and 
Saturn's moons, we perceive central bodies surrounded by 
masses in which the successive order of magnitude and of in- 
tensity of the reflected light does not seem to depend on dis< 
tance. The immediate connection subsisting between our 
still imperfect knowledge of parallaxes, and our knowledge of 

• On the proportion of the amount of proper motion to the proximity 
of the brighter stan, see Sirave, Stell, compog.- Menturtg Mierom,, p. 
clziv. 

Vol. IIL^I 
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the whole structural configuration of the universe, lends a pe- 
culiar charm to those investigations which relate to the dis- 
tances of the fixed stars. 

Humalt ingenuity has invented for this class of investiga- 
tions methods totally difierent from the usual ones, and which, 
being based on the velocity of light, deserve a brief mention 
in this place. Savary, whose early death proved such a loss 
to the physical sciences, had pointed out how the aberration 
of light in double stars might be used for determining the 
parallaxes. If, for instance, the plane of the orbit which the 
secondary star describes around the central body is not at 
right angles to the line of vision from the earth to the double 
star, but coincides nearly with this line of vision itself, then 
the secondary star in its orbit will likewise appear to describe 
nearly a straight line, and the points in that portion of its 
orbit which is turned toward the earth will all be nearer to 
the observer than the corresponding points of the second half, 
which is turned away from the earth. Such a divisioi^ into 
two halves produces. not a real, but an apparent unequal 
velocity, with which the satellite in its orbit recedes from, 
or approaches, the observer. If the semi-diameter of this 
orbit were so great that light would require several days or 
weeks to traverse it, then the time of .the half revolution 
through its more remote side will prove to be longer than the 
time in the side turned toward the observer. The sum of 
the two unequal times will always be equal to the true pe- 
riodic time ; for-the inequalities caused by the velocity of light 
reciprocally 4e8troy each other. From these relations of du- 
ration, it is possible, according, to Savary's ingenious method 
of changing days and parts of days into a standard of length 
(on the assumption that light traverses 14,356 millions of 
geographical miles in twenty-four hours), to arrive at the 
absolute magnitude of a semi-diameter of the earth's orbit ; 
and the distance of the central body and its parallax may be 
then deduced from a simple determination of the angle under 
which the radius appears to the observer.* 

In the same way that the determination of the parallaxes 
.instructs us as to the distances of a small number of the fixed 
stars, and as to the place which is, to be assigned to them in 
the regions of space, so the knowledge of the measure and 
duration of proper motion, that is to say, of the changes which 
take place in the positions of self-luminous stars, throws some 

* Savary, ia the Connaissance .des Tempt pour 1830, p. 56-69, aud 
p. 163-171; and StmVe, ibid., p. clxiv. 
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light on two mutually dependent problems ; namely, the mo- 
tion of the solar system,* and the position of the center of 
gravity, in the heaven of the fixed stars. That which can 
only be reduced in so very incomplete a manner to numerical 
relations, must for that veryreason.be ill calculated to throw 
any clear light on such causal connection. Of the two prob- 
lems just mentioned, the first alone (especially since Arge- 
lander's admirable investigatioti) admits of being solved with 
a certain degree of satisfactory precision; the latter has been 
considered with much acuteness by Madler, but, according 
to the coiifession of this astronomer himself,! his attempted 
solution is, in consequence of the many mutually compensa- 
ting forces which enter into it, devoid " of any thing like evi- 
dence amounting to a complete and scientifically certain 
proof," 

. After carefully allowing for all that is due to the preces- 
sion of the -equinoxes, the nutation of the earth's axis, the 
aberration of light, and the change of parallax caused by the 
earth's revolution round the sun, the remaining annual mo- 
tion of the fixed stars comprises at once that which is the 
consequence of the, translation in space of the whole solar 
systerrby and that also which is the result of the actual proper 
motion of .the fixed stars. In Bradley's masterly labors on 
nutatipn,' contained jn his great treatise of the year 1748, we 
meet .with the first hint of a translation of the solar system, 
and in a certain sense, also, with suggestions for the most 
desirable methods of observing it.J "Ppr if our own solar 
system be conceived to change its place with respect to ab- 
solute, space, this might, in process, of time, occasion an ap- 
parent chS-iige in the angular distances. of the fixed stars ; 
and in such a case, the places of the nearest stars being more 
afiected than of those that are very remote, their relative 
positions might seem to alter, though the stars themselves 
Wfere really immovable. And, on the other hand, if our own 
system be. at rest, and any of the stars really in motion, this 
might hkewise vary their apparent positions, and the more 
so, the nearer they. are. to, us, or the swifter their motions are, 
or the more proper the direction of the motion is, to be ren- 
dered perceptible byiis. Since, then, the relative places of 

* Cosmos, vol. i., p. 146. t Madler, Astronomic, st 414. 

. X Arago, in his Annuaire pour 1842, p. 383, was the first to call at- 
tention to this remarkable passage of Bradley's. See, in the same An- 
nuaire, the section on the translation of the entire solar system, p. 389^ 
399. 
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the stars may be changed from such a variety of causes, con- 
sidering that amazing distance at which it is certain some 
of them are placed^ it may require the observations of many 
ages to determine the laws of the apparent changes even of 
a single star ; much more difficult, therefore, it must be to 
settle the laws relating to all the most remarkable stars." 

After the time of Bradley, the mere; posubility, and the 
greater or less probability, of the movement of the solar sys- 
tem, were in turn advanced in the writings of Tobias Mayer, 
Lamb^t, and Lalande ; but William Herschel had the great 
merit of being the first to verify the conjecture by actual ob- 
servations (1783, 1805, and 1806). He found (what has 
been confirmed, and more precisely determined by many later 
and more accurate inquiries) that our solar system movea to- 
ward a point near to the constellation of Hercules, in K. A. 
260° 44', and N. Decl. 26° 16' (reduced to the year 1800). 
Argelander, by a comparison of 319 stars, and with a refer- 
ence to Lundahl's investigations, found it fox 1800 ; R. A. 
26T 54'1, Decl. +28° 49'-2 ; for 1850, R. A. 258° 23'-5, 
Decl. -h 28° 45'-6. Otto Struve (from 392 stars) made it to 
be for 1800 : R. A. 261° 26'-9, Decl. +37° 35'-5 ; for 1850, 
261° 52^-6, Decl. 37° 33'0. According to Gauss,* the point 
in question falls within a quadrangle, whose extremes are, 
R. A. 258° 40', and Decl. 30° 40' ; R. A. 258° 42', Decl. 
+30° 57'; R.A. 259^ 13', Decl. +31° 9'; R.A. 260° 4', 
Decl. +30° 32'. 

It still remained to inquire what the result would be if 
the observations were directed only to those stars of the south- 
ern hemisphere which never appear above the horizon in Eu- 
rope. To this inquiry Galloway has devoted his especial 
attention. He has compared the very recent calculations 
(1830) of Johnfi(« at St. Helena, and df Henderson at the 
Cape of Good Hope, with the earlier ones of Lacaille and 
Bradley (1750 and 1757). The resultt for 1790 was R. A. 
260° 0', Decl. 34° 23' ; therefore, for 1800 and 1850, 260° 
5', + 34° 22', and 260° 33', + 34° 20'. This agreement with 
the results obtained from the northern stars is extremely sat- 
isfactory. 

If, then, the progressive motion of our solar system may 
be considered as determined within moderate limits, the 

* In a letter addressed to me. See Scbam., Attr, Naehr,, No. 622, 
B. 348. 

t Galloway, on the Motion of the Solar Sytiem, in the Philos. Tran»- 
act. for 1847, p. 98. 
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question naturally arises, Is the world of the fixed stars com- 
posed merely of a numher of neighboring partial systems d^ 
vided into groups, or must we assume the existence of a uni- 
versal relation, a rotation of all self-luminous celestial bodies 
{suns) around one common center of gravity which is either 
filed tuith matter or void ? We here, however, enter the 
domain of mere conjecture, to which, indeed, it is not im- 
possible to give a scientific form, but which, owing to the 
incompleteness of the materials of observation and analogy 
which are at present before us, can by no means lead to the 
degree of evidence attained by the othef parts of astronomy. 
The fact that we are ignorant of thie proper motion of an in- 
finite number of very small stars from the tenth to the four- 
teenth magnitude, which appear to be scattered among the 
brighter ones, especially in the important part of the starry 
stratum to which we belong, the annuli of the Milky Way, 
is. extremely prejudicial to the profound mathematical treat- 
ment of problems so difficult of solution. The contempla- 
tion of our ovm planetary sphere, whence we ascend, from 
the small partial systems of the moons of Jupiter, Saturn, 
and Uranus, to the higher and general solar system^ has 
naturally led to the belief that the fixed stars might in a 
similar manner be' divided into several individual groups, 
and separated by immense, intervals of space, which again 
(in a higher relation of these systems one to another) may 
be subject to the overwhelming attractive force of a great 
central body (one sole sun of the ivhole universe).* The in- 
ference here advanced, and founded on the analogy of our 
own solar system, is, however, refuted by the facts hitherto 
observed. In the multiple stars, two or more self-luminous 
stars («uns) revolve, not round one another, but round an 
external and distant center of gravity. No doubt something 
similar takes place in our own planetary system, inasmuch 
as the planets do hot properly move :i^ound the center of the 
solar body, but around the common center of gravity of all 
the masses in the system. But this common center of grav- 
ity falls, according to the relative positions of the great plan- 
ets Jupiter and Saturn, sometimes within the circumference 
of the sun's body, but oftenef out of it.f The center of 
gravity, which in the^ case of the double stars is a void is 

* The value or worthlessness of such views has been discussed by 
Argelanderin his essay, **Ueber die eigene Bewegvng ftes Sonnensystent 
hergdeitet aus der eigenen Bewegung der Stemej 1837, s. 39. 

t See CottnoSf vol. i., p. %45. (Madler, Astr., p. 400.) 
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accordingly, in the solar system, at one time void, at another 
occupied by matter. All that has been advanced with re- 
gard to the existence of a dark central body in the center 
of gravity of double stars, or at least of one originally dark, 
but faintly illuminated by the borrowed light of the planets 
which revolve round it, belongs to the ever-enlarging realm 
of mythical hypotheses. 

It is a more important consideration, and one more de- 
serving of thorough investigation, that, on the supposition of 
a revolving movement, not only of the whole of our planet- 
ary system which changes its place, but also for the proper 
motion of the fixed stars at their various distances, the cen- 
ter of this revolving motion must be 90° distant* from the 
point toward which our solar system is moving. In this con- 
nection of ideas, the position of stars possessing a great or 
very small proper motion becomes of considerable moment. 
Argelander has examined, with his usual caution and acute- 
ness, the degree of probability with which we may seek for 
a general center of attraction for our starry stratum in the 
constellation of Perseus. t Madler, rejecting the hypothesis 
of the existence of a central body preponderating in mass, 
as the universal center of gravity, seeks the center of grav- 
ity in the Pleiades, in the very center of this group, in or 
nearj to the bright star 7y Tauri (Alcyone). The present is 

* Argelander, ibid., p. 42 ; Madler, CetUraisonne, s. 9, and Astr., s. 
403. 

t Argelander, ibid., p. 43 ; and in Scfaum., Astr. Nackr., No. 566. 
Guided by no numerical investigations, bat following the sagsestions of ^ 
fancy, Kant lon^ ago fixed upon Sirius, and Lambert upon Uie nebula 
in the belt of Onon, as the central body of our starry stratum. (Struve, 
Astr. Stell., p. 17, No. 19.) 

t Madler, Agtr., s. 380, 400, 407, and 414; in his CentraUormej 1846, 
p. 44-47 ; in Untersuehungen Hber die Fixstem-Systeme, th. ii., s. 183- 
185. Alcyone is in R. A. 54° 30', Decl. 23° 36', for the year 1840. If 
Alcyone's- parallax were really 0"*0065, its distance would be equal to 
3H million semi-diameters of the earth's orbit, and thus it would be 
fifty times farther distant ironi us than the distance of the double star 
61 Cygni, according to BessePs earliest calculation. The light which 
comes to the earth from the sun in 8' 18'''2, woiild in that case. take 500 i, 
years to pass from Alcyone to the earth. The fancy of the Greeks de- 
lighted itself in wild visions of the height of falls. ' In Hesiod's Theo^ 
gonia, V. 722-725, it is said, speaking ca the fall t>f the Titans into Tar- 
tarus: " If a brazen anvil were to fell from heaven nine days and ifine 
nights long, it would reach the earth on the tenth.'* This descent of 
the anvil in 777,600 seconds of time gives an equivalent in distance of 
309,424 geographical miles (allowance being made, according to Galle's 
calculation, for the considerable diminution in the force of attraction at 
planetary distances), therefore H times the distance of the moon from 
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not the place to discuss the probability or improbability* of 
such an hypothesis. Praise is, however, due to the eminent- 
ly active director of the Observatory at Dorpat for having, 
by his diligent labors, determined the positions and proper 
motions of more than 800 stars, and at the same time ex- 
cited investigations which, if they do not lead to the satis- 
factory solution of the great problem itself, iare nevertheless 
calculated to throw light on kindred questions of physical 
astronomy. 



VI. 

MULTIPLE OR DOUBLE STARS.— THEIR NUMBERS AND RECIPROCAL 
. DISTANCES.— PERIOD OF REVOLUTION OF TWO SUNS ROUND A COM- 
MON CENTER OF GRAVITY. 

When, in contemplating the systems of the fixed stars, we 
descend from hypothetical, higher, and more general consid- 
erations to those of a special and restricted nature, we enter 
a domain more cle^arly determined, and better calculated for 
direct observation. Among the multiple stars, to which be- 
long the binary or double stars, several self-luminous cosmic- 
al bodies (suns) are connected by mutual attraction, which 
necessarily gives rise to motions m closed curved lines. Be- 
fore actusd observation had established the fact of the revo- 
lution of the double stars,t such movements in closed curves 
were only known to exist in our own planetary solar system. 
On this apparent analogy inferences were hastily drawn, 
which for a long time gave rise to many errors. As the 
term '* double stars*' was indiscriminately appHed to every 

the earth. But, acoordiug to the Biady i., v. 592, HephsBtos fell down 
to Lemnos in one da^, " when but a little breath was still in himr.'* 
The lensth of the chain hanging down from Olympus to the earth, by 
which all the gods were challenged to try and pull down Jupiter (iZ- 
iad, viii., v. 18), is not given. The image is not intended ta craiyey an ' 
idea of the height of neaven, but of Jupiter's strength and omnipo- 
tence. 

* Compare the doubts of Peters, in Schum., Attr. Nachr.j 1849, s. 
661, and Sir John Herschel, in the Outl. of Astr.^ p. 689 : ** In the pres- 
ent defective state of our knowledge respecting the proper motion of 
the smaller stars, we can not but regard all attempts of the kind as to 
a certain extent premature, though by no means to be discouraged as 
forerunners of something more decisive." 

t Compare Cosmos^ vol. i., p. 146-149". (Struve, Ueher Dopplesteme 
nock D&rpitter Micrometer-Metaimgen von 1824 He 1837, s. 11.) 
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pair of stars, the close proximity of which precluded their 
separation hy the naked eye (as in the case of Castor^ a 
LyrsB, /3 Orionis, and a Centauri), this designation naturally 
comprised two classes of multiple stars : firstly, those which, 
from their incidental position in reference to the ohserver, 
appear in close proximity, though in reality widely distant 
and belonging to totally different strata ; and, secondly, those 
which, from their actual proximity, are mutually dependent 
upon each other in mutual attraction and reciprocal action,, 
and thus constitute a particular, isolated, sidereal system. 
The former have long been c&Ued opticaMyt the latter ^%s- 
ically, double stars. By reason of their great distance, and 
the slowness of their elliptical motion, many of the latter are 
frequently confounded with the former. As an illustration 
of this fact, Alcor (a star which had engaged the attention of 
many of the Arabian astronomers, because, when the air is 
very clear, and the organs of vision peculiarly sharp, this small 
star is visible to the naked eye together with ^ in the tail of 
Ursa Major) forms, in the fullest sense of the term, one of 
these optical combinations, without any closer physical con- 
nection.*" In sections II. and III. I have already treated of 
the difficulty of separating by the naked eye adjacent stars, 
with the very unequal intensity of light, of the influence of 
the higher brilliancy and the star's tailSy as, well as of the 
organic defects which produce indistinct vision. 

Galileo, without making the double stars an especial ob- 
ject of his telescopic observations (to which his low magni- 
fying powers would have proved a serious obstacle), men- 
tions (in a famous passage of the Giomata terza of his Dis- 
courses, which has already been pointed out by Arago) the 
use which astronomers might make of optically double stars 
(quando si trovasse nel telescc^io qualche picciolissima stella 
vicinissima ad alcuna delle maggiori) for determining the 
parallax of the fixed stars.\ As late as the middle of the 
last century, scarcely tw«ity double stars were set down in 
the stellar catalogues, if we exclude all those at a greater 

* Vide supra. Ajb a remarkable instance of acnteness of vision, we 
may farther mention that MOstlin, Kepler's teacher, discovered with the 
naked eye fourteen, and some of the ancients nine, of the stars in the 
Pleiades. (Madler, Unterntch, Hber die Fizetent-Sytteme, th. ii., s. 36.) 

t Vide supra. Dr. Gregory, of Edinburgh, also, in 1675 (consequent- 
ly thirty-three years after Galileo's decease), recommended the same 
|)arallactic metnod. See Thomas Birch, Hist, of the Royal Soe., voL 
lii., 1767, p. 225. Bradley (1748) alludes to this method at the conclu- 
sion of his celebrated treatise on Mutation. 
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distance fsom each other than 32" ; at present, a hundred 
years later (thanks chiefly to the great lahors of Sir Will- 
iam Herschel, Sir John Herschel, and Struve), about 6000 
have been discovered in the two hemispheres. To the ear- 
liest described doable stars*" belong ^ Ursss maj. (7th Sep- 
tember, 1700, by Gottfried Kirch), a Centauri (1709, by Feu- 
illee), y Virginis (1718), o Geminorum (1719), 61 Cygni 
(1753) (which, with the two preceding, was observed by 
Bradley, both in relation to distance and angle of direction), 
p Ophiuchi and f Cancri. The number of the double stars 
recorded has gradually increased from the time of Flamstead, 
who employed a micrometer, down to Ihe star-catalogue of 
Tobias Mayer, which appeared in 1766. Two acutely spec- 
ulative thinkers, endowed with great powers of combination, 
Lambert {Photometria, 1760 ; Kosmclogische Brief e uber 
die EinHcktung des Weltbaiies, 1761) and John Michell, 
1767, though they did noj themselves ol^rve double stars, 
were the first to diffuse correct views upon the relations of 
their attraction in partial binary JSfystems. Lambert, like 
Kepler, hazarded the conjecture that the remote suns (fixed 
stars) are, like our own sun, surrounded with dark bodies, 
planets, and comets ; "but of the fixed stars proximate to each 
other^t he believed, however much, on the other hand, he 
may appear inclined to admit the existence of dark central 
bodies, " that within a not very long period they completed a 
revolution round their common center of gravity. ' * Michell,^: 
who was not acquainted with the ideas of Kant and Lam- 
bert, was the first who applied the calculus of probabilities 
to small groups of stars, wMch he did with great ingenuity, 
especially to multiple stars, both binary and quaternary. He 
showed that it, was 500,000 chances to 1 that the colloca- 
tion of the six principal stars in the Pleiades did not result 
from accident, but that, on the contrary, they owed their 
grouping to some internal and reciprocal relation. He was 
so thoroughly convinced of the existence of luminous stars 
revolving round each other, that he ingeniously proposed to 
employ these partial star-systems to the solution of certain 
astronomical problems.} 

* Madler, Astr., s. 477. t Arago, in the Amrnairepow 1842, p. 400. 

X An Inqairy into the probable , parallax and magnitode of the fixed 
Btara, from the quantity of light which they afford us, and the partica- 
lar circamstancea of their situation, by the Rev. John Michell; in the 
PhUo9. Trantact., vol.'lvii., p. 234-261. 

$ John Michell, ibid., p. 238. ** If it should hereafter be found that 
any of the stars have others revolving about them (for no satellites by 
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Christian Mayer, the Manheim astronomer, has the great 
merit of having first (1778) made the fixed stars a special 
object of research, by the sure method of actual observations. 
The unfortunate choice of the term satellites of the fixed 
stars, and the relations which he supposed to exist among 
the stars between 2° 30' and 2° 55' distant from Arcturus, 
exposed him to bitter attacks from his cotemporaries, and 
among these to the censure of the eminent mathematician, 
Nicolaus Fuss. That dark planetary bodies should become 
visible by reflected light, at such an immense distance, was 
certainly improbable. No value was set upon the results of 
his carefuUy-conducted observations, because his theory of 
the phenomena was rejected ; and yet Christian Mayer, in 
his rejoinder to the attack of Father Maximilian Hell, Di- 
rector of .the Imperial Observatory at Vienna, expressly as- 
serts " that the smaller stars, which are so near the larger, 
are either illuminated, naturally dark planets, or that both 
of these cosmical bodies — the principal star and its compan- 
ion — are self-luminous suns revolving round each other." 

a borrowed light c<ndd possibly be visible)^ we should then have the 
meaDs of discovering ....." Throughout the whole discussion he de- 
nies that one of the two revolving stars can be a dark planet shining 
with a reflected light, because both of them, notwithstanding their dis- 
tance, are visible to us. Calling the larger of the two the. ** central 
star," be compares the density of both wim the density of our sun, and 
merely uses the word " satelhte" relatively to the idea of revolution or 
of reciprocal motion ; he speaks of the " greatest apparent elongation 
of those stars that revolve aoout others as satellites." He further says, 
at p. 243 and 249 : " We ta&j conclude with the highest probability 
(the odds ag^eJnst the contrary opinion being many million' millions to 
one) that stars form a kind of system by mutual gravitation. It is high- 
ly probable in particular, and next to a certainty in general, that such 
double stars as appear to consist of two or more stars placed near to- 
gether are under the influence of some general law, such, perhaps, as 
gravity. . . . ." (Consult also Aragb, in the Annuaire pour 1834, p. 308, 
and Ann. 1842, p. 400.) No great reliance can be placed on the indi- 
vidual numerical results of the calculus of probabilities given b;^ Michell, 
as the hypotheses that there are 230 stars in the heavens which, in in- 
tensity of light, are equal to.^ Capricomi, and 1500 equal to the six 
gi'eater stars of the Pleiades, are manifestly incorrect. The ingenious 
cosmological treatise of John Michell ends with a very bold attempt to 
explain the scintillation of the fixed stars by a kind of " pulsation iti 
material effluxes of light" — ^an elucidation not more happy than that 
which Simon Marius, one of the discoverers of Jupiter's satellites (^ee 
Cosmos, vol. ii., p. 320^) has given at the end of his Muhdus Jovialis 
(1614). But Michell. nas the merit- of having called attention to the 
fact (p. 263) that the scintillation of stars is always accompanied by a 
change of color. " Besides their brightness, there is in the scintillation 
ofthe fixed stars a change of color." {^Vide supra*) 
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^he impoTtaace of Christian Mayer's labors has, long after 
his death, been thankfully and publicly acknowledged by 
Struve and Madler. In his two treatises, Vertheidigung 
neuer Beobdchtimgen von Fixstem-trabanten (1778), and 
DisBertatio de novi$ in Ccdo sidereo PiUenomenis (1779), 
eighty double stars are described as observed by him, of 
which sixty-seven are less than 32'' distant from each other. 
Most of these were first discovered by Christian Mayer him- 
self, by means of the excellent eight-feet telescope of the Man- 
heim Mural Q,uadrant ; " many even now constitute very 
difficult objects of observation, which no^ne btit very power- 
ful instruments are capable of representing, such as p and 
71 Hefculis, e Lyrae, and o) Piscium.'* Mayer, it is true (as 
was the practice long after his time), only measured dis- 
tances in right ascension and declination by meridian instru- 
ments, and pointed out, from his own observations, as well as 
from those of earlier astronomers, changes of position; but 
from the numerical value of these, he omitted to deduct what 
(in particular cases) was due to the proper motion of the stars.* 
These feeble but praiseworthy beginnings were followed 
by Sir William Herschel's colossal work on the multiple stars, 
which comprises a period of more than twenty-five years; 
for although Herschel's first eatalogue of double stars was 
published four years after Christian Mayer's treatise on the 
same subject, yet the observations of the former go back as 
far as 1779 — ^indeed, even to 1776j if we take into consider- 
ation the investigations oa the trapezium in the great nebula 
of Orion. Almost all we at present know of the manifold 
formation of the double stars has its origin in Sir William 
Herschel's work. In the catalogues of 1782, 1783, and 
1804, he has not only set down and detennined the position 
and distance of 846 double stars,! for the most part first dis- 
covered by himself, but, what is far more iniportant than any 
augmentation of nuolber, he applied his sagacity and power 
of observation to all those points which have any bearing on 
their orbits, their conjectured periodic times, their brightness, 
contrasts of colors, and classification according to the amount 

*. Struve, in the Recueil des Actes de la ^Satice publique de VAcad. 
Imp. des Sciences de'St. PStersbourgy le 29 DSc, 1832, p. 48-50. Mad- 
ler, Astr.f B. 478. 

- tPhilos. Transact, for the Year 1782, p. 40-126; for 1783, p. 112- 
124 ; for 1^04, p. 87. Regarding the observations on which Sir Will- 
iam Herschel founded his views respecting the 846 double stars, see 
Madler, in Schumacher's JoAr^c^ /fir 1839, s. 59, and \i\& Untersuchun' 
gekuber die Fixsiem^ysteme, th. i., 1847, s. 7. 
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of their mutual distances. Full of imaginatioii, yet always 
proceeding with great caution, it was not till the year 1794, 
while distinguislung between optically and physically double 
stars, that he threw out his preliminary guggestions as to the 
nature of the relation of the larger star to its smaller com- 
panion. Nine years afterward, he first explained his views 
of the whole system of these phenomena, in the 93d volume 
of the Philosophical Transo/Ctiom. The idea of partial 
star-systems, in which several suns revolve round a common 
center of gravity, was then firmly established. The stupen- 
dous influence of attractive forces, which in our solar system 
extends to Neptune, a distance 30 times that of the earth 
(or 2486 millions of geographical miles), and which com- 
pelled tiie great comet of 1680 to. return in its orbit, at the 
distance of 28 of Neptune's semi-diameters (853 mean dis- 
tances of the earth, or 70,800 millions of geographical miles), 
is also manifested in th$ motion of the double star 61 Cygni, 
which, with a parallax of 0'''3744, is distant from the sun 
18,240 semi-diameters of Neptune's orbit (i. e., 550,900 
earth's mean distances, or 45,576,000 millions of geograph- 
ical miles). But although Sir William Herschel so clearly 
discerned the causes and general connection of the phenome- 
na, still, in the first few years of the nineteenth century, the 
angles of position derived from his own observations, owing 
to a want of due care in the use of the earlier catalogues, 
were confined to epochs too near together to admit of perfect 
certainty in determining the several numerical relations of 
the periodic times, or the elements of their orbits. Sir John 
Herschel himself alludes to the doubts regarding the accu- 
racy of the assigned periods of revolution of a Geminorum 
(334 years instead of 520, according to Madler),^ of y Vir- 
ginis (708 instead of 169), and of y Leonis (1424 of Struve's 
great catalogue), a splendid golden and reddish-green double 
star (1200 years). 

After William Herschel, the ^Ider Struve (from 1813 to 
1842) and Sir John Herschel (from 1819 tp 1838), availing 
themselves of the great improvements in astronomical in- 
struments, and especially in micrometrical applications, have, 
with praiseworthy diligence, laid the proper and special foun- 

* Madler, ihid,, tfa. i., s. 255. For Castor we have two old observa- 
tions of Bradley, 1719 and 1759 (the former taken in conjanction with 
Pond, the latter with Maakelyne), and two of the elder Herschel, taken 
in the years 1779 and 1803. For the period of revolution of y Virginis, 
see Madler, Fixstem-Sytt.j th. ii., s. 234-40, 1848. 
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dation of tbiB, important branck of astronomy. In 1820, 
Struve published his first Dorpat Table of double stars, 796 
in number. This was followed in 1824 by a second, con- 
taining 3112 double stars, down to the ninth magnitude, in 
distances under 32'', of which only about one sixth had been 
before observed. To accomplish this Work, nearly 120,000 
fixed stars were examined by means of the great Fraun- 
hofer refractor. Struve's third table of multiple stars ap- 
peared in the year 1837, and forms the important work Stel- 
larum compositarttm Mensurce MicrometriccR.* It contains 
2787 double stars, several imi>erfectly observed objects being 
carefully excluded. 

Sir John HerscheFs unwearied diligence, during his four 
years' residence in Feldhausen, at the Cape of Good Hope, 
which, by contributing to an accurate topographical knowl- 
edge of the southern hemisphere, constitutes an epoch in 
astronomy,! has been the means of enriching this number 
by the addition of more than 2100 double stars (which, with 
few exceptions, had never before been observed). All these 
African observations were taken by a twenty-feet reflecting 
telescope; they were reduced for the year 1830, and are 
included in the six catalogues which contain 3^46 double 
stars, and were transmitted by Sir John Herschel to the As- 
tronomical Society for the sixth and ninth parts of their val- 
uable Memoirs.X In these European catalogues are laid 
down the 380 double stars which the above celebrated as- 
tronomer had' observed in 1825, conjointly with Sir James 
South. , 

We trace in this historical sketch the gradual advance 
made by the science of astronomy toward a thorough knowl- 
edge of partialt and especially of binary systems. The num- 
ber of double stars (those both optically and physically double) 
may at present be estimated with some certainty at about 
6000, if we include in our calculation those observed by Bes- 
sel with the exoellent Fraunhofer heliometer, by Argelan- 
der§ at Abo (1827-1835), by Encke and Galle at Berlin 

* Strove, Mensura Microm., p. 40 and 234-248. On the whole, 
26414-146, ». «., 2787 double staiB have been observed. (Madler, in 
Schum., Jahih,, 1839, b. 64.) 

t Sir John Herachel, Asiron, Obaerv, at the Cape of Good Hopey p. 
165-303. X Xbid., p. 167 and 242. 

$ Argelander, in order carefully to investigate their proper motion, 
examined a great number of fixed stars. See his essay, entided "DLX, 
Slellarum fixarum pdsiiio7ie» meduBf ineuiUe anno 1830, ex observ. Abo<B 
habiti* (HeUingforna, 1825)." Madler {Astr., s. 625) estimates the 
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(1836. and 1839), by Preuas and Otto Struve in Pulkowa 
(since the catalogue of 1837), by Madler in Dorpat, and by 
Mitchell in Cincinnati (Ohio), with a seventeen-feet Munich 
refractor. How many of these 6000 stars, which appear to 
the naked eye as if close together; may stand in an imme- 
diate relation ofattracticm to each other, forming systems of 
their own, and revolving in closed orbits — or, in other words, 
how many are so-called 'physical (revolving) double stars — 
is an important problem, and difficult of solution. More re- 
volving companions are gradually but constantly being dis- 
covered. Extreme slowness of motion, or the direction of the 
plane of the orbit as presented to the eye, being such as to 
render the position of the revolving star unfavorable for ob- 
servation, may long cause us to class ph^/sically double stars 
among those which are only optically so ; that is, stars of 
which the proximity is merely apparent. But a distinctly- 
ascertained appreciable motion is not the only criterion. The 
perfectly uniform motion in the realms of space {i.e., a com- 
mon progressive movement, like that of our solar system, in- 
cluding the earth and moon, Jupiter, Saturn, Uranus, and 
Neptune, with their patellites), which in the case of a con- 
siderable number of multiple stars has been proved by Arge- 
lander and Bessel, bears evidence that the principal st€Lr» 
and their companions stand in undoubted relation to each 
other in separate partial systems. Madler has made the in- 
teresting remark, that whereas, previous to 1836, among 
2640 double stars that had been catalogued, there were only 
58 in which a difference of position had been observed with 
certainty] and 105 in which it might be regarded as more 
or less probable ; at present, the proportion of physically 
double stars to optically double stars has changed so greatly 
in favor of the former, that among the 6000 double stars, 
according to a table published in 1849, 660 are known' in 
which a change of relative position can be incontestably 
proved.* The earliest comparison gave one sixteenth, the 

number of multiple stars in the northern hemisphere, discovered at 
Pulkowa since 1837, Bt not less than 600.^ 

* The number of fixed stars in whicli proper motion has been un- 
doubtedly discovered (though it may be conjectured in the case of all) 
is slightly greater than the number of double stars in which change of 
position has been observed. (Madler, Astr.y s. 394, 490, and" 520-540.) 
Results obtained by the application of the Calculus of Probabilities, ac- 
cording as the several reciprocal distances of the double stara are be- 
tween 0" and 1", 2" and 8'% or 16" and 32", are given by Struve, in his 
Mens. Microm.f p. xciv. Distances less than 0"*8 have been taken, and 
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xnofit recent gives one ninth, as the proportion of the cosmic- 
al bodies wluch, by an observed motion both of the primiary 
star and the companion, are manifestly proved to be phys- 
ically double staifs. 

Very little has as yet been numerically determined re- 
garding the relative £stribution of the binary star-systems 
throughout space, not only in the celestial regions, but even 
on the apparent vault ofheai)en. In the northern hemi- 
sphere, the double stars most frequently occur in the direc- 
tion of certain constellations (Andromeda, Bootes, the Great 
Bear, the Lynx, and Orion). For the southern hemisphere 
Sir John Herschel has obtained the unexpected result, ** that 
in the extra-tropical regions of this hemisphere the number 
of multiple stars is far smaller than that in the correspond- 
ing portion of the northern." And yet these beautiful south- 
em regions have been exploried, under the most favorable 
circumstances, by one of the most experienced of observers, 
with a brilliant twenty-feet reflecting telescope, which sep- 
arated stars of the eighth magnitude at distances even of 
three quarters of a second.* 

The frequent occurrence of contrasted Colors constitutes an 
extremely remarkable peculiarity of multiple stars. Struve, 
in his great workt published in 1837, gave the following re- 
- suits with regard to the colors presented by six hundred of 
the brighter double stars. In 375 of these, the color of both 
principal star and companion was the same and ^qtcally in- 
tense. In 101, a mere difference of intensity could be dis- 
cerned. The stars with perfectly different colors were 120 
in number, or one fifth ctf the whole ; and in the remaining 
four fifths the principal and companion stars were uniform in 
color. In nearly one half of these six hundred, the princi- 
pal s tax and its companion were white. Among those of 
different colors, combinations of yellow with blue (as in i 
Cancri), and of orange with green (as in the ternary star y 
Andromed8B),t are of frequent occurrence. . . 

Arago was the first to call attention to the fact that the 
diversity of color m the binary systems principally, or at least 
in very many cases, has reference to the complementary col- 
experiments with very complicated systems have confirmed the astron- 
omer in the hope that -these estimates are mostly correct within 0"*1. 
(Struve, nber Doppelsteme nack Dorpdter Beoh.j s. 29.) 

* Sir John Herschel, ObservcUions at the Cape, p'. 166. 

t Struve, Mensurd Microm., p. Ixxvii. to Ixxxiv. 
. i Sir John Herschel, Outlines of Astr,, p. 579. 
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on — ^the Bubjectiye colon, which, when united, fonn white.* 
It is a well known optical phenomenon that a faint white 
light appean green when a strong red light is brought near 
it, and that a white light becomes blue when the stronger 
surrounding light is yellowish. Arago, however, with his 
usual caution, has reminded us of the fact that even though 
the green or blue tint of the companion star is sometimes the 
result of contrast, still, on the whole, it is impossible to deny 
the actual existence of green or blue stars, t There are in- 

* Two glasses, which exhibit complementary colors when placed one 
upon the other, are need to exhibit tokite images of the sun. During 
my long residence at the Observatory at Paris, my friend very success- 
fully availed himself of this contrivance, instead of xuAng shade glasses 
to observe the sun's disk. The colors to be chosen are red and green, 
yellow and blue, or green and violet. ** Lorsqu'une lumi^re forte se 
trouve aupr^s d'une mmi^re faibte, la demi^re prend la teinte comply- 
mentaire de la premiere. O'est li le contreutef inais comme le rouge 
n'est presque jamais pur, on peat tout aussi bien dire que le rou^e est 
eompUmentedrc du bleu. Les couleurs voisines du spectre solame se 
substituent.'* "When a strong light is brought into contact with a 
feeble one, the latter assumes ttie complementary color of the former. 
This is the effect of contrast; but as red is scarcely ever purls, it may 
as correctly be said that red is the complementary of blue : the colors 
nearest to the solar spectrum reciprocally change." (Arago, M8. of 
1»47.) 

t Arago, in the Connauance dea Temps pour Van \ 828, p. 299-300 ; 
and in the Annuairt pour 1834, p. 246--250; pour 1842, p. 347-350: 
" Les exceptions que je cite, prouvent que j'avais bien rauon en 1825 
de n'introduire la notion physique du contratte dans la question des ^toi- 
les doubles q^u'avec la plas grande reserve. Le bleu est la couleur r^ 
elle de certaines 6toiles. II r^nlte des observations recueilfies jusqu'ici 
que le firmametit est non seulement parseme de soleils rouges etjaunest 
comme le savaient les aneiens, ma isenoore de soleils bleus et verts, 
C'est au temset 4 des observations futures k nous apprendre si les ^toi- 
les vertes et bleues ne sont pas des soleils d6jA en voie de decroissance ; 
si les differentes nuances de ces astres n'indiquent pas que la combustion 
s'y op^re k diffiSrens degr^s ; si la teinte, avec exc^s de rayons les plus 
r^fransibles, que pr^sente souvent la petite ^tO!ile,'^ne tiendrait pas a la 
force absorbante d'une atmosphere que d^velopperaitl'action de Petoile, 
ordinairement beaucoup plus brillante, qu'eHe accompagne.** '*The 
exceptions I have named proved that in 1825 I was quite right m the 
cautious reservations with which I introduced the physical notion of 
contrast in connection with double stars. Blue is the real color of cer 
tain stars. The result of the observations hitherto made proves that 
the firmament is studded not only wit!h red and yellow suns (as was 
known lonff ago to the anpients), but also with blue and green suns. 
Time and futuFe observations must determine whether r^ and blue 
stars are not suns, the brightness of which is already on the wane ; 
whether the varied appearances of these orbs do not indicate the de- 
gree of combustion at work within them ; whether the color and the 
excess of the most refrangible rays often presented by the smaller of 
two stars be not owing to the absorbing force of an atmosphere devel 
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stances in which a brilliant white star (1527 Leonis, 1768 
Can. ven.) is accompanied by a small blue star ; others, where 
in a double star {6 Serp.) both the principal and its companion 
are blue."*^ In order to determine whether the contrast of 
colors is merely subjective, he proposes (when the distance 
allows) to coTer the principal star in the telescope by a thread 
or diaphragm. CommoiUy it is only the smaller star that 
is blue : this, however, is not the case in the double star 23 
Orionis (696 in Struve's Catalogue^ p. bucx.), where the prin- 
cipal star is bluish, mA the companion pure white. If, in 
the multiple stars, the differently colored suns are frequently 
surrounded by planets invisible to us, the latter, being differ- 
ently illuminated, must have their white, bltte, red^ and green 
days."h 

As the periodicaZ vcmaMlitifi of the stars is, as we have 
already pcnnted out, by n,o means necessarily connected with 
their red of reddish color, so also coloring in general, or a 
contrasting difierence of the tones of color between the prin- 
cipal star and its companion, is far from being peculiar to 
ihe multiple stars. Circumstances which we find to be fre- 
quent are not, pn that account, necessary conditions of the 
phenomena, whether relating to a periodical change of light, 
or to the revolution in partial systems round a common cen- 
ter of gravity. A careful examination of the bright double 
stars (and color can be determined even in those of the ninth 
magnitude) teaches that, besides white, all the colors of the 
solar spectrum are to be foimd in the 'double stars, but that 
the principal star, whenever it is not white, approximates in 
general tathe red extreme (that ci ^e least re&angible rays), 
but the companion to the violet extreme (the limit of the 
most refrangible rays). The reddish stars are twice as fre- 
quent as the blue and bluish ; the white are about 2^ times 
as numerous as the red and reddishi It is moreover remark- 
able that a great differ^ace of color is usually associated with 

oped by the action <^ the accompanying star, which is generally nmch 
the more brilliant of the two.'' (A»go, in the Anniuairepeiur 1834, p. 
395-301.) 

* fi^trdve, Uti>$r Doppdtieme nach Dorpater BeobachtungeHf 1837, s. 
33-36, and Mentura Mierom., p. Izxziii., enamerates sixty-three double 
stars in which both the principal and companion are blue or bluish, and 
in which, therefore, the colors can not be the effect of contrast. When 
we are forced to compare together the colors of double stars, as report- 
ed by several astronomers, it is particttlarly striking to observe how fro- 
quently the companion of a red or orange-colored star is reported by 
some observers as blue, -and by others as green. 

t Arago, Annuairtpour 1834, p. 302. % Videwpra,^. 130-136. 
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a corresponding difierence in brightness. In two cases — ^in. 
f Bootis and 7 Leonis — which, from their great brightness, 
can easily be measured by powerful telescopes, even in the 
daytime, the former consists of two white stars of the third 
and fourth magnitudes, and the latter of a principal star of 
the second, and of a companion of the 3 '5th magnitude. 
This is usually called the brightest double star of the north- 
em 4iemisphere, whereas a Centauri* and a Grucis, in the 
southern hemisphere, surpass all the other double stars in 
briUiancy. As in {* Bootis, so also in a Oentauri and y Leonis, 
we observe the rare combination of two great stars with only 
a slightly different intensity of Hght. 

No unanimity of opinion yet prevails respecting the vari- 
able brightness in multiple stars, and especially Jn that of 
companions. We have alreadyt several times made mention 
of the somewhat irregular variability of luster in the orange- 
colored principal star in a Herculis. Moreover,* the fluctua- 
tion in the brightness of the nearly equal yellowish stars (of 
the third magnitude) constituting iihe double star y Virginis 
and Anon. 2718, observed by Struve (1831-1833), probably 
indicates a very slow rotation of both suns upon their axes.l 
Whether any actual change of color has ever taken place 
in double stars (as, for instance, in y Leonis and y Delphini) ; 
whether their white light becomes colored, and, on the other 
hand, whether the colored light of the isolated Sirius has be- 
come white, still remain undecided questions. f Where the 
disputed differences refer only to faint tones of color, we should 
take into consideration the power of vision of the observer, 
and, if refractors have not been employed, the frequently red- 
dening influence of the metallic speculum. 

Among the multiple systems we may cite as tiemaries, f 
Librae, ^ Cancri, 12 Lyncis, 11 Monoc. ; as quaternaries, 
102 and 2681 of Struve's Catalogue, a Andromeda, e Lyras : 
in d Orionis, the famous trapezium of the greater nebula of 

* ** This sapQrb double star (a Cent.) is beyond all comparison the 
most striking object of the kind in the heavens, and conasts of two in- 
dividuals, both of a high ruddy or orange color, thodgh that of the 
smaller is of a somewhat more somber and -brownish cast." (Sir John 
Herschel, Obseryations at the Cape of OoodHopey p. 300.) And, ac- 
cording to the important observations taken by Captain Jacob, of the 
Bombay Engineers, between the years 1846 and 1848, the piinoipal star 
is estimated of the first magnitude, and the satellite from the 2'5th to 
the third magnitude. {Transact, of the Royal Soc, of Edwb.j vol. xvi., 
1849, p. 451.) 

t Vide iuprat p. 165, 166, and note. 

X Struve, Ueber DoppeUt, naek Dorp, Beob., fi, 33. $ Ibid., 8. 36 
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Orion, we have a combination of six — ^probably a system sub- 
ject to peculiar physical attraction, since the five smaller 
stars (6-3m. ; 7m. ; Sm. ; 11 -Sm. ; and 12m.) follow the prop- 
er motion of the principal star, 4'7m. No change in their 
relative positions has yet been observed.* In the ternary 
combinations of ^LibrsB and f Cancri, the periodical move- 
ment of the two companions has been recognized with great 
certainty. The latter system consists of three stars of the 
third magnitude, differing very little in brightness, and the 
nearer Companion appears to have a motion ten times more 
rapid than tha. remoter one. 

The number of the double stars, the elements of whose 
orbits it has-been found possible to determine, is at present 
stated at from fourteen to sixteen.! Of these, f Herculis 
has twice completed its orbit since the epoch of its first dis- 
covery, and during this period has twice (1802 and 1831) 
presented the phenomenon of the apparent occultation of one 
&x.ed star by another. For the earhest calculations of the 
orbits of double stars, we are indebted to the industry of 
Savary (f UrssB Maj.), Encke (70 Ophiuchi), and Sir John 
Herschel. These have been subsequently followed by Bes- 
sel, Strtive, Madler, Hind, Smyth, and Captain Jacob. Sa- 
vary' s and Encke's methods require four complete observa- 
tions, taken at sufficient intervals from each other. The 
shortest periods of revolution are thirty, forty-two, fifty-eight, 
and seventy-seven years ; consequently, intermediate be- 
tween the periods of Saturn and Uranus ; the longest that 
have been determined with any degree of certainty exceed 
five hundred years, that is to say, are nearly equal to three 
times the period of Le Terrier's Neptune. The eccentricity 
of the elliptical orbits of the double stars, according' to the 
investigations hitherto made, is extremely considerable, re- 
sembling that of comets, increasing from 0*62 ((X Coronse) up 
to 0*95 (a Centauri). The least eccentric interior comet — ' 
that of Faye — ^has an eccentricity of 0*55, or less than that 
of the orbits of the two double stars just mentioned. Ac- 
cording to Madler's and Hind's calculations, ^ CoronsB and 
Castor exhibit much less eccentricity, which it. the former is 
0-29, and in the latter 0*22 or 0*24. In these double stars the 
two suns describe ellipses which come very ;iear to those of 

* Madler, Agtr.y 8. 517. Sir John Herschel, OutL, p. 568. 

t Compare Madler, Untersuch. iiber die Fixttern'Syttemet th. i., g. 
225-275 ; th. ii., s. 235-240 ; and his Astr,, s. 541. Sir John Herschel, 
0»^., p.573. 
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two of the Bmaller principal planets in our solar sygtem, the 
' eccentricity of the orbit of Pallas being 0*24, and that of 
Juno, 0-25. 

If, with Encke, we consider one of the two stais in a bi- 
nary system, the brighter, to be at rest, and on this supposi- 
tion refer to it the motion of the companion, then it follows 
from the observations hitherto made that the compamcm de- 
scribes round the principal star a come sectico, of which the 
latter is the 'focus ; namely, an ellipse in which the radius 
yector of the revolving cosmical body passes, over equal su- 
perficial areas in equal times. Accurate measurements of 
the angles df position and of distances, adapted to the determ- 
ination of orbits, have already shown, in a considerable num- 
ber of double Stan, that the companion revolves round the 
principal star considered as stationary, unpolled by the same 
gravitating forces which prevail in our own solar system. 
This firm conviction, which has only been thoroughly attain- 
ed within the last quarter of a century, marks a great epoch 
in the history of the development of higher cosmical knowl- 
edge. Cosmical bodies, to which long use has still preserved 
the name ^ fixed starry although they are neither riveted 
to the vault of heaven nor motionless, have been observed 
to occult each other. The knowledge of the existence of 
partial systems of independent motion tends the more to en- 
large our view, by showing that these movements a.re them- 
selves subordinate to more general movements animating the 
regions of space. 
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Hame. 


SemiHaior 
AxiB. 


Eecentrioity. 


Period of 
IteTolution 

in j«ar«. 


Caknktor. 


(l)fUrsaBMaj.... 


3' 857 


0-4164 


58-262 


Savary, 1830. 




3"-278 
2"-296 


0-3777 
04037 


60 720 
61-300 


John Herschel. 
Tables of 1849. 
Madler, 1847. 


(2) pOpbinchi 


4"-328 


04300 


73-862 


Ettcke, 1832. 


(3) CHerculis..-. 


l"-208 


0-4320 


30-22 


Madler, 1847. 


(4) Castor, ;. 


8"086 
6"-692 


07582 
0-2194 


252-66 
519-77 


John Herscbel. 
Tables of 1849. 
Madler, 1847. 




6"-300 


02405 


632 27 


Hind, 1849. 


(6) y Virginia.... 


3"-680 
3"-863 


0-8795 
0-8806 


182-12 
169-44 


John Herschel. 
Tables of 1849. 
Madler, 1847. 


(6) aCentauri 


l6"-600 


09500 


77 00 


Captain Jacob, 
1848. 
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Aoa&OVATXO 

Adalbert, Prince, of Prussia, his obaenra- 
tiozui on the undulation of the •tars, S9. 

Alcor, a star of the constellation Ursa Ma- 
jor, employed-^by the Persians as a test 
of vision, 49, 50, 200. 

Alcyone, one of the Pleiades, imagined 
the center of gravity of the solar sys- 
tem by Mftdler, 19a 

Alphbnsine Tables, date of their construe- 
tion, 151. 

Anaxagoras of Clazomens, his theory 
of the world-arranging intelligence, 11 ; 
origin of the modem theories of rota- 
tory motion, 12. 

Andromeda's girdle, nebula in, 143. 

Arago, M., letters and communications of, 
to M. Humboldt, 46, 49, 67. 68, 73, 96, 
207-209 ; on the effect of telescopeaon 
. the visibility of the stars, 69 ; on the 
velocity; of light, 80, 84 ; on photometry, 
92,. 96; his cyanometer, 97<, 

Aratus, a fragment of the work of Hip- 
parchus preserved in, 109. 

Arohimedes, his ** Arenarius,'' PO. 

Arcturus, true diameter of; 89. 

Argelander, his view of the number of 
the fixed stars, 105, 106 ; his additions 
to Bessel's Catalogue, 115 ; on period- 
ically variable stars, 166. 

1) Argds, changes in color and brilliancy 
of, 135, 178, 179. , 

Aristotle, his distinct apprehension of the 
unity of nature, 13-15; his defective 
solution of the problem, 15; doubts the 
infinity of space, 29, 30 ; his idea of the 
generation of heat by the movement of 
the spheres, 124. 

Astrognosy, the domain of the fixed stars, 
26-28. 

Astronomy, the observation of groups of 
fixed stars, the first step in, 118 ; very 
bright single stars, the first named, 89. 

Atmospbgrc, limits of the, 40, 41 ; effects 
of an untransparent, 104. 

Augustine, Stj cosmical views of, 124. 

Atttolycus of Pitane, era o^ 89, 90. 

Auzout's object-glasses^ 62. , 

Bacoti, Lord, the earliest views cm the ve- 
loci^ of lidbit found in his *' Novum 
Organum," 79. 

Baily, Francis, his revision of De Lalande's 
Catalogue, 115. 

Bayer's lettering of tbd stars of any con- 
stellation not an evidence of their rel- 
ative brightness,. 9a 

B6rard, Captain, on the change of color 
of the star y Crucis, 135. 



Berlin AcademT, star maps of the, 116. 

Bessel, on repulsive force, 34, 35 ; his star 
maps have been the principal means of 
the recognitioB of seven new planets, 
116 ; calculation of the orbits of double 
stars by, 211. 

Binary stars, 199. 

Blue stars, 136 ; less freouent than red, 209. 

Blue and green suns, me probable cause 
of their color, 208. 

Bond, of the Cambridge Observato^, 
United States, his resohrtion of the neb- 
ula in Andromeda's girdle into smdl 
^ stars, 142. 

Brewster, Sir David, on the dark lines of 
the prismatic spectra, 44. 

British Association, their edition of La- 
lande's Catalogue, 115. 

Bnino, Giordano, his cosmical views, 17 ; 
his martyrdom, 17. 

Buscb, Dr., his estimate of the velocity of 
light incorrect, 82. . 

Catalogues, asbt)nomica], their great im- 
portance, .113, 114 ; future diwsoveries 
of planetary bodies, mainly dependent 
on their completeness, 114 ; list of, 114, 
115 ; Halley's, Flamstead's, and others, 
114 ; Lalande's, Harding's, Bessel's, 115. 

Catasterisms of Eratosthenes, 89, 90. 

aCentauri, Piazzi Smyth on, 146, 147, 185; 
the nearest of the fixed stars that have 
yet been measured, 191, 192. 

Central body for the whole sidereal heav- 
ens, existence of, doubtful, 197. 

Chinese record of extraordinary stars (of 
Ma-tuan-lin), 109, 155-159 ; deserving of 
confidence, 162. 

Clusters of atare, or stellar swarms, 140 ; 
list of the principal, 141-143. 

Coal-sacks, a portion of the Milky Way in 
the southern hemisphere so called, 137. 

Colored rings afford a direct measure of 
the intensity of light, 96. 

Colored stars, 130; evidence of change 
of color in some, 131, 132; Sir John 
. Herschel's hypothesis, 131 { dificrence 
of color usually accompanied by differ- 
ence of brightness, 209. 

C6mets, information regarding celestial 
space, derived from OMervatton on, 31, 
39 ; number of visible ones, 1^. ' 

Concentric rings of stars, a view favored 

. by recent observation, 149. 

Constellations, arrangement of stars into, 
very gradual, 119. 

Contrasted colors of double stars, 207. 

Cosmical contemplation, extension of^ in 
the Middle Ages, 16. 
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C<Mii]kalTa|Mr,qiiMfkm m to condenM- 
tionaC37; IVdioBralie'tnidSirWffl- 
iam Henchel'B tlieories, 154. 

^Coamoa,** • pteodo-Ariitotdini work, 
16. 

Ciystal Yinlt of heaven, date of tfie deilg- 
Mtion, 1S3 ; ita ainiflcatioD according 
to Empedoclea, IZi; the Idee favored 
by the Fathen of the Chnrofa, ISSu 

Cyanometer, Arago'a, 97. 

Dask comnieal bodfea^ qneeHwi o^ 184, 

187. 
Delambie on die vdoelty cingb^BH. 



Deaeartea, hia eoonfeal viewa, 19, 90; IK)- 

preaaeahia work from defeienee to tbe 

Inquiaition, 20. 
Dioptric tubea^ the iHrecnnoraof flie tele- 

•eope,43. 
Direct and reflectod li^ht, 45. 
Distribution of the fixed atar% according 

to right aacenaion, 140. 
- t Table (Strove'a) of Budtlpleetara, 



Doable atara, the name too indlacrlnfln- 
atalT eiiplied, 199, 900 ; dlatributton into 
optical and phyaieal, 900 ; .pointed out 
by Galileo aa naeftil hi determinina the 
parallax, 900 ; vast increaae in their ob- 
aerved number, 901, 205 ; tlioae earlieet 
described, 201; number in which a 
change of poattlon haa been proved, 
206; greater number of doable atara |n 
the northern than in the southern hekn- 
li^>bere, 207 ; oecurrenoe of contrasted 
colors, 907 ; calculation of their orbital 
SLl ; table of tiie elements, 913. 



Eerfh-atthnal, Kepler and Flndd'a fanciea 

regardfaig tiie, 19. 
Edda<8oogB, allusion to, 8. 
Emt, zodiacsl conafeeUetiona ot, their 

Egyptian calendar, period of the complete 

• arrangement of toe, 133. 
Ehrenborg on the incaloalable number 

* of animal organiama, 30. 
Electrical ^At, velocl^ of truMmlasfcrn 

o^86. 

Blectridty, transmiiBlon oC through the 
earth, 88. 

Elements, Indian origin of the hypothesis 
of four or five, IL - 

Emanations from toe head of some com- 
ets, 39. 

Rneke, hie aoenrate calculation of toe 
equivalent of an equatorial degree, 81 ; 
on the attir-maps oftoe Berlin Academy, 
116 ; an early calculator of toe orbits 
of double stars, 911 ; hia toeory of thefa: 
motion, 9151.. 

Encke's comet, consideratiotis on space, 
derived from periods of revolution of, 
,S7 ; a resisting medium proved from 
observatkw on, 39. 

Etoer, different meaaiittt of, in the East 
and the West, 31, 39. 

Ether (ilihTsa, in fiansorit), ODfr of the In- 
dian five elements, 31. 

Ether, the, fiery, 35. 



Euler's comparative estimate of the ]i^ 
of the sun and moon, 9S. 

Fixed stars, toe term erroneoua, 27. 192; 
adntillation of toe, 73 ; variations in its 
Intenaity, 76 ; our sun one of toe fidnter 
iUed stars. 95; photometric arrange- 
ment o( 99; toeir number, 105; num- 
ber viaible at Berlin wito the naked eye, 
107; at Alexandria, 107; Btmve and 
Henchel's estUnatea, 116; grouping of 
the, 117 ; distribution of the, 140 ; prop- 
er motion of the, 189; parallax, 188; 
number o^ in wliicli proper motion haa 
been diacovered, greater toan of toose 
in wUdi change of position haa been 
obaerved, 206/907. 

FteeaoC, M ., his experiments on the Tekxv 
itf of lij^ 80, 8a 

Formula tor computing variatiott of light 
of a Btar,'by Argelander, 168, 16^. 

Qalactac circle, average number of atara 
in, and beyond toe, 139. 

Galileo indieatea the means of discover- 
ing toe parallax, 188. 

GaUe, Dr., on Jupiter's aatellitee, 50 ; on 
toe photometric arrangement of toe 
fixea stars, 99. 

Garnet star, toe, a star in Cepheua, ao 
called by William Herscfael, 166. 

Gaseoigne applies micrometer threads to 
toe telescope, 42. 

Gautfing the heaven8,.by Sir William Her- 
Bcnel, 138, 139 ; length of time neces- 
sary to complete toe process, 139. 

Gauss, on ttie point of translation in space 
of toe whole sotar system, 196. 

Gilliss, Lieutenant; on the change of color 
oftheatari|Argds,135. 

Gravitation, not an essentlBl property of 
bodies, but toe result of some higho' 
and still unknown power, 92. 93. 

Grdek sphere, date of toe, 119, 191. 

Green and blue suns, 208.- 

Groupi of fixed stors, recognized even 
by the rudest nations, 117 ; usually the 
aame jntraps, aa the Pleiades, toe Gi^t 
Bear, toe Soutoem Cross, &b., 117, 118. 

Halley asserted the motion of Sinus and 
other fixed stars, 26, 27. 

Hassenfratz, his description of toe rays 

, of stars as caustics on the crystalline 
lens, 52,127, 

Beat, radiating, 35. 

Heiridannus, monk of Saint QaQ, a new 
star recorded by, 157, 162. / 

Herschel, Sir William, on the vivifying 
action of too sun's ravs, 34 ; his estimate 
of the number of toe flssd stara, 11<^ 
117 ; his ** gauging the heavens," and its 
result^ 138, 139. 

Herschel, Sir John, on the transmisrion 
of light, 30 ; on the influence of toe sun's 
rays, 34 ; compares file sun to a i)er- 
petaal nortoem light, 34; on toe a^ 
mosphere, 37; on toe blackness of toe 
ground of toe heavens, 39; on stars 
seen In dayli^ 57; on photometry. 
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99; ifliAfoiMrle AmmgMii^t «f fli« 
fixed Iters, 99; oh the number of ttsn 
actually registered, 106; on tlie caase^ 
of the red color of Sirius, 131, 132; on 
the Milky Way. 145 ; on the sun's place, 
150 ; on the detennined periods of vari- 
able stars, 166 ; number of double stars 
the elemenfei of whose orbits hare been 
determined, 811. 
Hierofflyphical signiflcatton of ft«tar, ac- 
cording to HorapoUo, 188. 
Hind's dtsceyery of a new reddish-yellow 
•ter of the fifth magnitude, in Ophiu- 
chus, 160 ; has since sunk to the elerenth 
Magnitude, 160; caleulation of the or. 
bits of double stars by, 211. 
Hipparchus, on the number of the Pldl 
ades. 48; his catalogue contains the 
earliest determination of the classes of 
magnitude of the stars, 90; a fragment 
of hia work preserred to ns in Araiua, 
109. 
Holtznumn, on the Indian 2odlac«, 181. 
Homer, not an authority on the state of 
Greek astronomy in his day, 119, 183. 
Hamtx>ldt, Alexander Von, worka e£ 
quoted in variotis notes: 
Ansicbten der Natnf, 79. . 
Asie Centrale, 111, 112. 
Essai sur la 06ogr. des Plaatei, 58. 
Ezamen Critique de I'Histolre de la 

G^ographie, 49, 112, 137. 
Lettre A M. Schumacher, 93. 
Refoeil d'Observations Aitrono- 

miques, 43, 47, 93. 
Belation Historique dtt Voyage anz 
B^KionsEquinoxialeag 56,5a 79,9a 
Vue de« Cordilldres et Monumeas 
des Pcuples Indigdne« de l'Am«r. 
^ ^iene, 121,136. "^ 
Humboldt. Wilhehn yon, quoted, fS. 
Hiiyji^ns, Cbristiaik, his ambitloui but mi* 
satisfactory Cosmotlieoroa. 80: exam- 
toed the Milky Way. 144. 
Hnygens, Consta<itin, his Uapr6ytmmm 

to the telescope. 62. 
BvarMlmit, the cddroB'^ptlAf of Am £d. 



J^4««-«c«M»tJi^ta« the Mtti •< the 



. — ^_.. / Iff tnd flv# 

B^^gdiaM^*^ U^attti^idl^dMM. 

laoob. Capt, on «m faptMMity 6( lialiC in 
tt» JiOkfWi^, 146; ealoii&tioJof «&• 
orbits of double stars, by, 211. 
{oatf aM PWloMmia, on gravitefloa, 11 
Jvpiter's sald&toa, estimate of the magni- 
titdes o( 50: case to which th^ were 
▼i4b)e by the naked eye. 53; oocoUa- 
tions o( observed by daylJ^^ 68: 

Kepler, his appnkaeh to the mathemAtieil 

I'^^iiU^ittaidiiui i«<Mf brSinr. 
Vol. III._K 



Ltm,m telMMpe, «fM«ferte OMte w 
means of, 65. 

Lepsius,^on the Egyptian name (Sottail) 
of Sinus, 134. 

LesUe's photometer, defects o£, 96. 

Libra, the constellation, date of its intr» 
duction toto the Greek sphere. 120. 

Lights always refracted, 44; prismatle 
speetra diifer in number of dark Unea 
accordlnff to their source, 44, 45 ; polar* 
l2ation 0$ 45 ; Telocity oC 79 ; ratio of 
tolar, lunar, and stellar, 95 ; Tariatioa 
o( in stars of ascertained andvnaaocr* 
t^ed periodicity, 168, 177. 

Liffht of the sun and moon, Enlar^ nii 
NLiehelo's estimates of the ooaparativ% 

Limited towuparener of the celestial r*. 
gioii8.38. 

Macrobius, "Sphasra aplanes" o^ 87. 

Mlldler, on Jupiter's satelUtes. 52 : on I|m 
determtoed periods of variable stanu 
166; on ftiture polar stars, 161 ; on non- 
luminous stars, 187 ; on the center of 
gravity of the solar system, 198. 

Magellanic clouds, known to the Arabs, 9L 

Maanitude of the stars, classes of, 90, 91. 

Malus, his discoveries regarding light, 4S. 

"Mappaccslestis'' of Schwinck, 140. 

Ma-tuan-lm, a Chtoese astronomical no* 
ord of, 109. 

Mayer, Christian, the first special obsarrw 
of the fixed stars, 202. 

Melville Island, temperatura o^ 36. 

Michell, John, 95 ; applies the calculoi of 
probabilitieB to small groups of stati. 
801 ; Uttle reliance to be placed to ila 
todividual nutoerical results, 303. 

Michelo's comparative estimate of Hm 
light of the sun and moon, 95. 

Milky Way, average number of stars itL 
and beyond the, according td Struvft. 
139 : totensity of its Ught in the victoiM: 
pf the Southern Cross, 147 ; iti coura* 
and dh-action, 147; most of the aeir 
stars have appeared in its aeiahbow 
hood. 163^ • 

Morin proposes the application of tiie tsl- 

Multiple stars, 190, 199; variable 1 
aesaqfe d i ff p r^a e of opiitioar 

lMbttl*,|«^biiM^4toi^ei««riid Mite 
swarms, 37. 

Neptune^ the planet, its orbit vaad at a 
measure of diataiioe of 61 Oygiil, tO«. 

New stars, 151 ; their smaU number, 151 : 
T^aho Brahe's description of one, issy 
Iti disappearance, 153; specnlatfobs ae 
to their origin, 161 : most have appeir. 
ed near tiie Milky Way, 168. 

Hewtoii, embraeei by his theory of grati- 

^of fee Cosmos, U •''»~~ *^ 
iTdBlttOfauhM iiar% ^MMiwittetf a 

o^ ItT. 
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Mttmirical nmHU ecoM^Ing tibe* gnap 
of the oompreheDsiaat ftimUhed alike 
by the minutert orguiifnu and the ao- 
oalled fixed atara, 30; eneoongiiigTlewB 
on the aubjeot, 3L 



Optical and phyaieal donUe itan, 900; 
often coDfonnded, 900. 

Orbita of doable atara, calculation of the, 
Sll ; their great eccentricity, 211 ; hy- 
potheala, that the brighter of the two 
atara ia at reat, and ita companion re- 
Tolvea abont it, probablv correct^ and a 
great epoch In coamical knowledge, 21ii. 

Orion,' toe aix atara of the trapezium of 
the nebula o( probably aubject ta> pe- 
culiar phyaical attraction, 210, 211. 

PantachatA or Pantachatra, the Indian the- 
ory of the five elementa, 3L 

ParallioE, means of diaooyearing tbe, point- 
ed out by OalUeo, 18d ; number of par- 
allaxes hitherto diacovered, 190; detaQ 
of nhie of the beat ascertained, 190. 

Penetrating power of the teleacope^ 145^ 
146. 

Periodically changeable atara, 164. 

Periods within periods of variable atara, 
168 ; Argelander on, 168. 

Peru, climate of; unfavorable to aatranom- 
ical observations, 103. 

Peters on parallax, 192. 

Photometric relations of aelf-hmiinoui 
bodies, 89; scale, 99. 

Photometry yet in ita infancy, 94 ; first 
Bumerical acale o^ 94 ; Aruo's meth- 
od, 96. 

Plato on ultimate principles, 12, 13. 

Pleiades, one of the, invisible to the naked 
eye of ordinary visual power, 48 ; de- 
acribed, 141. 

Pliny estimatea the number of atara Tia- 
ibfe in Italy at only 1600. 106. 

Poisson, his view of the consoUdation of 
the earth's strata, 36, 37. 

Polarization of light, 45, 47. 

Poles of greatest cold, 36. 

Ppuillef s estimate of the temperature of 
space, 36. 

Prismatic spectra, 44 ; difference of the 
da^k lines of, 45. 

Ptolemy, his classification of the stars, 
.^; «o«itbem ooDBteUatioafl knovrn to, 

" 137. . 

Pttlkowa, number of multiple atan dis- 
covered at; 205, 906. 

Pythasoreaiia, mactfaematioal aymboliam 

Quaternary systems of stara, 210. 

Radiatmg heat, 35. 

Ratio of various colors among flie mul- 
tiple and double stars, 209. 

Rays of Btarsf 52, 196-128 ; number oC in- 
<Ucate distances, 128 ; disappear when 
the star is viewed through a very small 
aperture, 196, 129. 

Ifed staxa,^ 131 ; variable star* moaUy red, 
165 



Refleetfog aexlukti applied to the detema. 

ination of the intensity of stellar hgbt, 

92. 
Reflecting and refracting telescopes, 03. 
Regal stara of Hie andenta, 136. 
Reiristing medium, proved by obeerva- 

dons on Encke's and other comets, 30. 
Right ascension, distribution of stars ao- 

cordinff to, by Schwinck, 140. 
Rings, cM>red, measurement of the Iik- 

tensity of light by, 96. 
Rinn, concentric, of stars, the hypotfaeaia 

ot, favored by the most reoent observa- 
tions, 149. 
Roase's, Lord, his great telescope, 65; itt 

services to astronomy, 66. 
Ruby-colored stara, 135. 

Saint Gall, the monk o^ observed a new 
atar distant from the Milky Way. 162. 

Saussure asserts that stars may be aeen 
in daylight on the Alps, 57 ; the asaer- 
tion not supported by other travelera^ • 
experience, 56. 

Savary, on the application of the aberra- 
tion of light to the determination of the 
parallaxea, 194 ; an early calculator of 
the orbits of double stars, 211. 

Schlegel, A. W. von, probably mistaken 
as -to the high antiquity of the Indian 
zodiacs, 121. 

SchwiDck, distribution of the fixed stara 
in his " Mappa coolestis," 140. 

Scintillation of the stars, 73; variatknia 
in its intensity, 76 ; mentioned in the 
Chinese records, 77 ; littfe observed in 
tropical regions, 77, 78 ; always aeeom- 
panied by a change of color, 202. 

Seidel, his attemptto determine the quan- 
tities of light of certaha stars of the first 
magnitude, 93. 

Self-luminous coamical bodiea, or suns. 
199. 

Seneca, en discovering new planeta, 28. 

Simplidus, the Eclectic, contrasts the cen- 
tripetal and centrifugal forces, 12; hia 
vague view of gravitation, 18. 

Sirius, its absolute intensity of light 95; 
historically proved to have changed ita 
color, 131 ; ita^MSOCiation with the ear^ 
liest development of civilization in the 
valley of the Nile, 133 ; etymological re* 
aearches conoeniing, 133, 134. 

Smyth, Capt W. H., calculations of the" 
orbits of double stars by, 911. 

Smyth, Piazzi, on the Milky Way, 146^ 
147; onaCentauri,]85. 

Sothis, the Egyptian name of Sirius, 133^ 
134. 

South, Shr Jamea, observation of 380 dou- 
ble stara by, in conjunction with Sir 
John Herschel, 905. 

Southern constellations known to Pted- 
emy, 137. 

Southern Cross, formerly visible on the 
shores of the Baltic, 138. - 

Southern hemisphere, in parts remark- 
ably deficient in constellations, 112; dis- 
tances of its stars, first measured about 
the end of the aixteenth century, 138. 
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Space, coqjectores regardinff, 29; com- 
pared to the mythic period of Ustory, 
29 ; £ftll8cy of attempts at measurement 
o( 30 ; portions between cosmical bod- 
ies not Toid, 31 ; its probable low tem- 
perature, 35. 

Specbra, tibe prismatic, 44 ; difference of 
the dark Unefl ot^ according to tbeir 
sources, 45. 

*' Sphisra planes" of Hacrobius, 27. 

Spurious diameter of stars, 130. 

Star of the Magi, Ideler's explanation of 
the, 154. 

Star of St Catharine, 137. 

Star systems, partial, in which several 
suns revolve about a common center 
of gravity, 204. 

Stars, division into wandering and non- 
wandering, dates at least from^e early 
Greek period, 27 ; magnitude and visi- 
bili^ of the, 48 ; seen through shafts 
of chunneys, 57; undulation of the, 56,, 
59; observation of, by daylight, 66; 
scintillation of the, 73 ; variations in its 
intensity, 76 ; the brightest the earliest 
named, 89; rays o^ 52, 127, 128 ; color 
o£, 130 ; distribution of, 140 } concentric 
rings of, 149; variable, 161; vanished, 
163 ; periodically changeable, 164 ; non- 
luminous, of doubtful existence, 187; 
ratio of colored stars, 209. 

Steinheil's experiments on the velocity 
of the transmission of electridly, 87 ; 
his photometer, 93. 

Stellar clusters or swarms, 140. 

Strove on tiie velocity of light, 82; his 
estimate of tile number of the fixed 
stars, 117 ; on tiie Milky Way, 139; his 
Dorpat Tables, 205; on the contrasted 
colors of multiple stars, 207 ; calcula- 
tion of the orbits of double stars by, 211. 

Sun^ the, described as " a perpetual norih- 
em light" by Sir William Herschel, 34 ; 
in intensity of Jlght merely one of the 
fidnter fixed stars, 95 ; its place prob- 
ably in a comparatively desert region 
of the starry stratum, and eiscentric, 150. 

Suns, self-luminous cosmical bodies, 199. 

Table of photometric arrangement of 190 
fixed stars, 100 ; of 17 stars of first mag- 
nitude, 102; of tiie variable stars, by 
Argelander,. 172, and explanatory re- 
marks, 172-177 ; of ascertained paral- 
laxes, 193 ; of the elOTients of the or- 
bits of double stars; 213. 

Telescope, the principle of, known to the 
Arabs, and probably to tiie Greeks and 
Romans, 42; 43; discoveries by its 
means, 61 ; successive improvements 
o§ the, 62; enOTmous focal length of 
some, 63; Lord Rosse's, 65;, Bacon's 
comparison oC to discovery ships, 130 ; 
penetrating power of the, 145, 146. 

Telesio, Bernardino, of Coaenza, his views 
of the phenomena of inert matter, 16. 

Temperature, low, of celestial space, 35; 
nnoertainty of resolti vet obtaJned, 36 ; 



ite inflnenoe on tiie climate of the eartb, 

37. 

Temporary stars, list o^ 155 ; notes to, 
155-160. 

Ternary stars, 210. 

Timur Ulugh Beg, improvements in prac- 
tical astronomy in the time of; 91. 

Translation in space of the whole solar 
system, 195; first hinted by Bradley, 
195; verified by actual observation by 
WilUam Herschel, 196; Argelander. 
Strove, and Gauss's views, 19^. 

Trapezium in the great nebula of Orion, 
investigated by Sir Wm. Herschel, 203. 

Tycho Brahe, his vivid description of the 
appearance of a new star. 152 ; his the- 
ory of the formation of such, 154. 

<* Ultimate mechanical cause" of all mo- 
tion, unknown, 24, 25. 

Undulation of the stars, 58, 59.'- 

Undulations of rays of li^t^ varioii* 
lengths o£ 84. 

Unity of nature distinctiy tonght by Aria- 
totie, 13-15. 

Uranological and telluric domain of the 
Cosmos, 26. ^ 

Uranus observed as a star by Flamstead 
and others, 114. 

Vanished stars, 163; statements about 
such to be received with great cautioui 
163. 

Variable brightness of multiple and dou- 
ble stars, 209. 

Variable stars, 160-161 ; mostiy of a red 
color, 165 ; irregularity of their periods, 
167; teble 0(172. 

Velocity of light, 79 ; methods of determ- 
ining, 80 ; applied to the determination 
of the parallax, 195. 

VlsibiUty of objects, 55 ; how modified, 56. 

Vision, natural and telescopic, 41 ; aver- 
age naturali> 47, 48 ; remarkable in- 
-♦- — - of acute natural, 58, 55. 



Wheatstone's experiments with revolv- 
ing mirrors, 45; velocity of electrical 



li^t determined by, 86. 
White Ox, name riven to the nebula now 
known as one oi the Magellanic clouds, 



91. 

WoUaston's photometric researches, 95. 
Wright, of Durham, his view of the origin 

oTtiie form of tiie Milky Way, 149. 

Ygjdrasil, tiie Worl4.tree of the Edda- 
songs, 8. 

Zodiac, period of its mtroduction into the 
GredE ^here. 119 ; its origin among the 
Chaldeans, 120 ; the Greeks borrowed 
from them only the idea of the ^vision, 
and filled its signs with their own cates* 
terisms, 120 ; great antiquity of the In* 
dian very doubtftil, 121. 

Zodiacal Ught, Sbr John Herschel on tiie^ 
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CHOICE WORKS FOR LIBRARIES, 

JUST FUBXIBHEP 

BY HARPER & BROTHERS, NEW YORK. 



Harper's New Monthly Magazine. 

l*he Magazine will conuinaU the continuous Tales of Dickefis» 
Biilwer. Croly, Lever, Warren, and other distinguished contrib- 
. uturs to British periodicals : Critical Notices of the Pohiica- 
tiuns of the day : Speeches and Addressesof distinguished Men 
upon Topics of universal Interest : articles from Punch and other 
well Icnown humorous publications, and some of the master-pieces 
of classical English literature, illustrated in a style of unequaled 
eleeance and beauty ; notices of Events, in Science, Literature, 
and Art, in which the people at large have an interest, &c., die. 
Special regard wilt be had to such Articles as relate to the Econ- 
omy of Social Life, Of tend to promote in any way the well-being 
of those who are engaged in any department of Productive Act- 
ivity. A carefully prepared Fashion Plate and other Pictorial Il- 
lustrations will accompany each Number. ^ Every Number of the 
Magazine will contain 144 octavo pages, in double columns. The 
volumes of a single Vear, therefore, will present nearly SOOO 
Pages of the choicest of the Miscellaneous ]>iterature of the Age. 
TisBMS. — $3 00 a year, or 25 cents a Number. Bound volumes 
comprising the Numbers ior Six Months, Muslin, $2 00. 

Strickland's (Miss) Lives of the Queens of 

Scotland, and English Princesses connected with the Regal Suc- 
cession of Great Britain. 6 vols. ISmo, Muslm, 91 00 per Vol. 

Mayhew's Treatise on Popular Education : 

Fur the Use of Parents and Teachers, and for Young Persons of 
both Sexes. Prepared and Published in accordance with a Res- 
olution of the Senate and House of Rejpresentatives of the State 
of Michigan. l3mo. Muslin, $1 00. 

Hildreth's History of the United States, 

From the first Settlement of the Ccmntry to the Organisation of 
G(»vernment under the Federal Constitution. 3 v(Ss. 8vo, Mus- 
lin, 86 00 ; Sheep. $6 75 ; half Calf, 97 50. 

Hiidreth's History of the United States, contin- 
ued : from the Adtiption of the Federal Consiitutitm to the End 
of the SixteentlvCungress. 3 vols. Svo, Muslin, $6 00 ; Sheep> 
•6 75; half Call; •? 60. 
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2 CHOICE WORKS FOR LIBRARIES. 

Loomis's Recent Progress of Astronomy, 

Especially in the United Sutes. 12nio, Mnslin, $1 00. 

Cheever's (Rev. H- T.) Island World of the Pa- 

cific : being the Personal Narrative and Results of Travel through 
the Sandwich or Hawaiian Islands, and other Parte of Polynesia. 
With Engravings. 12ino, Muslin, 91 00. 

Lossing's Pictorial Field-Book of the Revolu- 
tion ; or, Illustrations, by Pen and Pencil, of the History, Scen- 
ery, Biography, Relics, and Traditions of the War for Independ- 
ence. Embellished with 600 Engravings on Wood, chiefly frooci 
Original Sketches by the Author. In about 20 Numbers, 8vo» 
Paper, 25 cente each. 

Abbott's Illustrated Histories : 

Comprising, Xerxes the Great, Cyrus the Great, Alexander the 
Great, Darius the Great, Hannibal the Carthaginian, Julius Cae- 
sar, Cleopatra Queen of Egypt, Constantino, Nero, Romulus, Al- 
fred the Great, William the Conqueror, Queen Elizabeth, Mary 
Queen of Scots, Charles the Fii^t, Charles the Second, Queen 
Anne, King John, Richard the First, William and Mary, Maria 
Antoinette, Madame Roland, Josephine. Illuminated Title-pages, 
and numerous Engravings 16mo, Muslin, 60 cents each ; Mus- 
lin, gilt edges, 75 cents each. 

Abbott's Kings and Queens; 

Or, Life in the Palace : consisting of Historical Sketches of Jo- 
sephine and Maria Louisa, Louis Philippe, Ferdinand of Austria, 
Nicholas, Isabella XL, Leopold, and Victoria. With numerous Il- 
lustrations. 12mo, Muslin, $1 00; Muslin, gilt edges, $1 25. 

Abbott's Summer in Scotland. 

Engravings. 12mO| Muslin, $1 00. 

Southey's Life and Correspondence. 

Edited by his Son, Rev. Chables, Cuthbbbt Soutrby, M. A. In 
6 Parts, Svo, Paper, 25 cents each ; one Volume, Muslin, $2 00. 

Hewitt's Country Year-Book ; 

Or, the Field, the Forest, and the Fireside. 12mo, Muslin, 87^ 
cents. 

Fowler's Treatise on the English Language 

In its Elements and Forms. With a History of its Origin and 
Development, and a full Grammar. Designed for Use in Col- 
leges and Schools. 8vo, Muslin, 81 60 ; Sheep, tl 76. 

Seymour's Sketches of Minnesota, 

The New England of the West. With Incidents of Travel in 
that Territory during the Summer of 1849. With a Map. 12mo, 
Paper, 50 cents ; Muslin, 75 cents. 

Dr. Jphnson's Religious Life and Death. 

12mo, Muslin, •! 00. 
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Cumming's Five Years of a Hunter's Life 

In the Far loterior of South Africa. With Notices of the Na- 
tive Tribes^ and Anecdotes of the Chase of the Lion, Elephant, 
Hippopotamas, Giraffe, Rhinoceros, &c. Illustrated by numerous 
Engravings. 2 vols. 12mo, Muslin, $1 75. 

Thornton's Oregon and California in 1848 : 

With an Appendix, including recent and authentic Information 
on the Subject of the Gold Mines of Califofiaia, and other valu- 
able Matter of Interest to the Emigrant, &c. With Illustrations 
and a Map. 2 vols. 12mo, Muslin, $1 76. 

Southey's Common-place Book. 

£(}ited by his Son-in-Law, John Wood Wabtbb, B.D. 8vo, Pa- 
per, $1 00 per Volame ; Muslin, $1 25 per Volume. 

Gibbon's History of Rome, 

With Notes, by Rev. H. H. Milhan and M. Gnizor. Maps and 
Engravings. 4 vols. 8vo, Sheep extra, $5 00. — A new Cheap 
edition, with Notes by Rev. H. H. Milman. To which is added 
a complete Index of the whole Work and a Portrait of the Au- 
thor. 6, vols. 12mo (aniform with Hume), Cloth, $2 40 ; Sheep^ 
$3 00. 

Hume's History of England, 

' From the Invasion of Julius Caesar to the Abdication of James 
II., 1688. A new Edition, with the Author's last Corrections 
and Improvements. To which is prefixed a Short Account oif 
his Life, written by Himself. With a Portrait of the Author. 6 
vob. 12mo, Cloth, $2 40 ; Sheep, $3 00. 

Macaulay's History of England, 

From the Accession of James JI. With an origin^ Portrait of 
the Author. Vols. I. and II. Library Edition, Svo, Muslin, 75 
cents per Volume ; Sheep extra, 87i cents per Volume ; Call 
backs and corners, $1 00 per Volume. — Cheap Edition, Svo^Pa- 
per, 25 cents per Volume. — 12mo (uniform with Hume)i Cloth, 
40 cents per Volume. 

Leigh Hunt's Autobiography, 

With Reminiscences of Friends and Contemporaries. 2 Vols. 
12mo, Muslin, $1 50. 

Life and Letters of Thomas Campbell. 

Edited by William Bbattie, M.D., one of his Executors. With 
an Introductory Letter by W^shinoton Irving, Esq. Portrait. 
2 vols. 12mo, Muslin^ $2 60. 

Dyer's Life of John Calvin. 

Compiled from authentic Sources, and particularly from his Cor- 
respondence. Portrait. 12mo, Muslin, $1 00. 

Moore's Health, Disease, and Remedy, 

Familiarly and practically considered) in a few of their Relations 
to the Blood. ISmo, Muslin, 60 cents. 
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4 ^CHOIGB W0BK8 FOR LiraURISS. 

Humb0ldt'9 Cosmos : 

A Sketch of a Physical Deacription pf the Univeiaa. Trana* 
laM from the German, by E. C. Ottb. S vela. ISmo, Paper, 
S150; Mttalio,S170. 

Dr. Lardner's Railway Economy : 

A. Treatise on the New Art oTTranspert, its Management, Proe- 
peeta* and Ralationa, CoaimerciaU Finanoial, aad Social ; with ^ 
an Exposition of the Practical Raaulta of the Hailwaya in Op- 
f ration in the United Kingdom, on the Continent, and in Amer- 
ica. 12mo, Paper, 79 centa ; Mwalin, $1 00. 

Urquhart's Pillars of Hercules ; 

Qr, a Narrative of Travela in Spain and Moieeeo in 1M8< S vote. 
12mo, Paper; $1 40; Maalin, SI 70. 

Sidney Smith's Moral Philosophy. 

An Elementary Treatise on Moral Philosophy, delivered at the 
Royal Institution in the Years 1804, Isps, and 1806. ISmo Mus- 
lin, Si 00. 

Teflft's (Rev. B. F.) The Shoulder-Knot ; 

Or, Sketches of the Three-fold Life of Man. 12mo, Paper, 60 
cenu , Muslin, 75 cents. 

Bishop Hopkins's History of the tfonfessional. 

12mo, Muslin, SI 00. 

Greeley's Hints toward Reforms. 

In Lectures, Addresses, and other Writings^ ISmo^ Maslin» 
$1 00. 

Chalmers's Life and Writings, 

Edited by his Son- in- Law, Rev. William Hanna, LL.D. S vols. 
12mo, Paper, 75 cents ^ Muslin, $1 00 per Volume. ' 

Chalmers's Posthumous Works. 

Edited by the Rev. William Han.na, LL.D. Complete in Nine 
Volumes, comprising, 

Daily ScRiPTuaa RiAmicas. 8 vols, lamo^ Muslin, S3 00. ^ 
Sabbath Sceiptdbb Readinqs. 2 vols. 12mo, Muslin, $2 00. 

Sermoi^s, from 1798 to 1847. I2mo, Muslin, $1 00. 

Institutes op Theology. 2 vols. 12mo, MusUd, $2 00. 

Prelections on Butler's Analogy, Paley*8 Evidences of Chris- 
tianity, and Hiirs Lectures in Divinity. With Two Introductory 
Lectures, and Four Addresses delivered in the New Qollegey 
Edinburgh. 12mo, Muslin, $1 00. 

Rev.H. T. Cheever'fi The Whale and his Cap* 

TQRS ; or, the, Whaleman's Adventurea and the Whale*a Biog- 
raphy, as gathered on the Homeward Cruise of the '* Cosuno 
dore Preble.*' With Engravings. l9mo, M««Uni 90 oaata. 

jMsaes's Dark Sc6^es of History. 

iSmo, Mttslin, $1 00 ; Pap^r, 76 centa* 
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CHOICE WORKS fOR LtBRARIES. 6 

Carlyle's Latter-Day Pamphlets. 

Comprising, 1. The Present Time ; S. Model Prisoos: 3. Down- 
ing Street ; 4. The New Downing Street ; 6. Stump Orator ; 6. 
Parliainenu; 7. Hudson's Statue ; a Jesoitism. 12fiio, Muslin, 
50 cents. 

Noel's Essay on the Union of Ghunsh and State. 

l2mo, Muslin, $1 25. 

Noel's Es§ay on Christian Baptism. 

18mo, Musiin, 60 oents. 

Major Ripley's War with Mexico. 

With Maps, Plans of Battles, ^cc. 2 vols. 8to, Moslia $4 00 ; 

Sheep, $4 50. 

Warburton's Conquest of Canada. 

9 vols. ISmo, Paper, 41 40 ; Muslin^ $1 70. 

Ruxton's Life in the Far West. 

12mo, Muslin, 60 cents *, Paper, 37i cents. 

Corkran's History of the National Constituent 

ASSEMBLY, from May, 1848. 12mo, Muslin, 90 cento ; Pa- 
per, 75 cents. 

Rev. Charles Beecher's The Incfarnation ; 

Or, Pictures of the Virgioand be^ Son. Witk an lairoductory 
Essay, by Mrs. Habsixt Bbxcvsb Srrowa. 12iiio, Muslio» 50 
cents. 

A History of Wonderful Inventions. 

With IllustratioBs. 12ibo, BCoslin, 75 cento; Muslin, gilt edgtB^ 
•1 00. 

Ticknor's History of Spanish Literature. 

With Criticisms on the particular Works and Biographical No- 
tices of prominent Writers. 3 vols. 8vq, Muslin, $6 00 ; Sheep 
extra, 96 75 ; half Calf extra, $7 50. 

Benjamin Franklin's Autobiography* 

With a Sketch of bis Public Services, by Rev. H. Hastings 
Wblb. With nnmerous exquisite Designs, by John 6. CiiAFitAir 
8vo, MiisloH $Z 50 ; Sheep, $2 75 ; half Calf, $3 Oa 

Dante's Divine Comedy : The Inferno. 

A Literal Prose Translatioft, with the Teid of the Original, e«l^ ^ 
lated from the best Editions, and Exptaaatoory Notoa Bv John 
A. Carltle, M.I>. 12mo, Muslin, 1^1 00. 

Wallis's Grlimpses of Spain ; 

Or, Notes of an unfinshed Tour in 1847. 18mo, Moslia, •! 00 ; 

Paper, 75 cento. 

Sir Charles Lyell's Second Visit to the United 

STAXES. 2 ^PoUk ttmo^ Maalifl, %l 60 ^ F^mt, %i 20. 
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6 CHOICE WORKS FOR LIBRARIES. 

Rev. W. p. Strickland's History of the American 

BIBLE SOCIETY. From iU Organization in 1816 to the Pres- 
ent Time. With an Introduction, by Rev. N. L. Ricb, and a 
Portrait of Hon. Elia.0 Bocdinot, LL.D., first President of the So- 
ciety. 8vo, Sheep, $1 75 ; Cloth, $1 50. 

Seymour's Mornings among the Jesuits at Rome. 

Being Notes of Conyersations held with certain Jesuits on the 
Subject of Religion in the City of Rome. 12mo, Cloth, 76 cents ; 
Paper, 62^ cents. 

Gieseler's Compendium of Ecclesiaistical His- 

TORY. From the fourth German Edition, Revised and Amend- 
ed. Translated by Sahukl Davidson, LL.D. Vols.I. and II., 
8yo, Muslin, 93 00. 

Whately^s Elements of Rhetoric ; 

Comprising an Analysis of the Laws of Moral Eyylenoe and af 
Persuasion. With Rules for Argumentatiye Composition and El- 
ocution. 18mo, Muslin, 37i cents. 

Whately's Elements of Log^c. 

Comprising the Substance of the Article in the Encyclopedia Met- 
ropolttana. With Additions, dec. The only complete" American 
Edition. 18mo, Muslin, 37| cents. 

Upham's Life of Faith : 

Embracing some of the Scriptural Principles or Doctrines of 
Faith, the Power or Effect of Faith in the Regulation of Man's 
Inward Nature, and the Regulation of Faith to the Diyine Guid- 
ance. 12mo, Muslin, $1 00. ^ 

Upham's Life of Madame Catharine Adorna. 

Including some leading Facts and Traits in her Religious Experi- 
ence. Together with Explanations and Remarks, tending to il- 
lustrate the Doctrine of Holiness. 12mo, Muslin, gilt edges, 60 
cents ; Muslin, 60 cents. . 

Upham's Principles of the Literior of Hidden 

LIFE. Designed for the Consideration of those who are seeking 
Assurance of Faith and perfect Loye. 12mo, Muslin, $1 00. 

Combe's (A.) Treatise on the Physiological and 

MOllAL MANAGEMENT OF INFANCY. For the Use of Pat-, 
ents. 18mo, Muslin, 37i cei\ts. 

Combe's (A.) Moral Philosophy ; 

Or, the Duties of Man considered in his Indiyidual, Social, and 
Domestic Capacities. 18mo, Muslin, 37^ cents. 

Combe's (A.) Physiology of Digestion^ 

Considered with Relation to the Principles of Dietetics. With 
Illustrations. 18mo, Muslin, 37i cents. 

Combe's (G.) System of Phrenology. 

With upward of 100 Engrayings. 13mo, Muslin, 7& cents. 
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Abbott's Illustrated Histories : 

Comprising, Xerxes the Great, Gyrus the Great, Darius the Great, 
Alexander the Great, Hannibal the Carthaginian, Julius Cssar, 
Cleoi>atra Queen of Egypt, Alfred the Great, William the Con- 
queror, Queen Elizabeth, Mary Queen of Scots, Charles the First, 
Charles the Second, Maria Antoinette, Madame Roland, Jose- 
phine. Embellished with Illuminated Title-pages and numerous 
Illustrative Engravings. 16mo, Muslin, 60 cents each ; Muslio, 
gilt edges, 75 cents each. 

Lives of the Queens of Scotland, 

And English Princesses connected with the Regal Soccesskm 
of Great Britain. By Agnbs Strickland. 6 vols. 12mo, Mus- 
lin, $1 00 per Volume. 

History of the United States, 

From the first Settlement of the Country to the Organization of 
G^yernmeht under the Federal Constitution. By ]&chari) Hil- 
DRBTH, Esq. 3 vols. 8vo, half Calf, $7 60 ; Sheep, $6 75 ; Mus- 
lin, $6 00. 

History of the United States, continued : 

From the Adoption of the Federal Constitution to the End of the 
Sixteenth Congress. By Richard Hildrbtr, Esq. 3 vols. 8yo, 
Muslin, $6 00 ; Sheep, $6 76 ; half Calf, $7 50. 

Lord Holland's Forei^ Remmisoences. 

Edited by his Son, Hbnrt Edward Lord Holland. ISmo, 
Muslin. 

Life and Writings of Washington ; 

Being his Correspondence, Addresses, Messages, and other Pa- 
pers, Official and Private, selected and published from the orig. 
inal Manuscripts, with a Life of the Author, and Notes and Illus. 
trations, &c. By Jarbd Sparks, LL.D. With numerous En- 
gravings. 12 vols. 8vo, Muslin, 918 00; Sheep extra. #21 00; 
half Calf; $34 00. 
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S Valuable Works on Biography and Hittory. 
The Pictorial Field-Book of the Revolution ; 

or, Illustrations by Pen and Pencil, of the History, Scenery « Bi- 
ography, Relics, and Traditions of the War ibr Independence. 
By Bkksoii J. LottiKG, £aq. Embellished with 600 Engravings 
on Wood, chiefly from Original Sketches by the Author. In 
about 20 Numbers, 8vo, Paper, 25 cents each. 

life and Writings of Thomas Chalmers; D.D., 

LL.D. Edited by his Sos-in-Law, Rev. William Hanii a, LUIX 
8 vols. 12roo, Paper, 76 cents ; Muslin, $1 00 per Volume. 

Life of John Calvin. 

Compiled from authentic Sources, and particularly from his Coi« 
respondence. By T. H. Dybb. Portrait. 12mo, Muslin, $1 00. 

Leigh Hunt's Autohiography, 

Wjth Reminiscences of Friends and Contemporaries. 2 Tola. 
12mo, Muslm, 81 60. 

Southey's Life and Correspondence. 

Edited by his Son, Rev. Chablks CvTHBsaT Sootntv, M.A. Id 
8 Parts, 8to, Paper, 26 cents each ; one Volume, Moali*, $9 00 

Dr. Johnson : his Religious Life and his Peath. 

18mo, Muslin, 81 00. 

Life and Letters of Thomas Campbell. 

Edited by Willij^m 'Bbattib, M.D., one of his Executors. WitU 
an Introductory Letter by WAsaitfoToif Ib.tii«q, Etq. Povlrai^ 
8 Tola. 1 2mo^ Muslin, 82 60. 

Burners History of England, 

From the Invasion of Julius Cesar to the Abdication of Jlimea 
II., 1688. A new Edition, with the Authoi's Mat Corff9ctio<i» 
and Improvements. To which is prefixed 4 short Account oi 
his Life, written by Himself. With a Portrait of the AnUior. 
6 Tula. 12mo, Cloth, 82 40 ; Sheep, 83 tK). 

Macaulay's History of England, 

From the Accession of James II. With an original Portrait <^ 
the Author. Vols. I. and II. Library Edition, 8vo, Muslin, 75 
cents per Volume ; Sheep extra, 87) cents per Vohime ; Cal. 
backs and corAcrs, $1 00 per Volume. — Cheap Edition, 8to, 
Paper, '25 cents per Volume. — 12mo (uniform with Hume), Ctoth,, 
40 cents per Voluma 

Oibbon's History of Rome, 

With Notes, by Rev. H. H. Milman and M. Guizot. Maps and 
Engravings. 4 vols. 8vo, Sheep extnw t5 00. -^A new Cheap Edi- 
tion, with Notes by Rev. H. H. Milman. To which is added a 
complete index of the whole WorJc and a Portrait of the Author. 
8 vols. 12mo (uniform with Hume), Cloth, 82 40; Sheep, 83 00. 

Journal and Memorials of CsfA. Obadiab Con* 

fM* : Ibr Fit^ Ymm Murkier and Shipmast^ from ^ Foi^ «• 
KewTork. By Rev. H. T. Cuivia. 16mo,M«aiitt. 
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Valuable Works on Biography and History. 3 
Benjamin Franklin's Autobiography. 

With a Sketch of his Public Services, by Rev. H. HASTiicot 
Weld. With numeroas exquisite Desrgns, by John 6. Ciiap» 
HAN. 8vo, Muslin, «2 60 r Sheep, $3 76 ; half Calf, 93 00. 

History of Spanish Literature. 

With Criticisms on the particular Works and Biograph cal No» 
tices of prominent Writers. By Gborgs Ticknor, Esq. 3 vols. 
8yo, half Calf extra, $7 60 ; Sheep extra, $6 76 ^ Muslin, 96 00. 

History of the National Constituent Assembly, 

From May, 1848. By J. F. Cobkean, £sq. ISmo,. Muslin, 
90 cents ; Paper, 76 cents. 

The Recent Progress of Astronomy. 

Especially in the United States. By Elias Loomis, M.A. 12mo, 
Muslin, $1 00. 

The English Language 

In its Elements and Forms. With a Histoid •! ita Orif in aii4 
I)eveh)pment» and a. full, Grammar, By W. C. Fqwlui, M.A. 
8vo, Muslin, tl 60 ; Sheep, $1 75. 

History of Ferdinand and Isabella. 

By William H. Prbscott, Esq. 3 Vols. 8vo, haK Calf,^ $7 60 ^ 
Sheep extra, 90 75 ; Mnalin, $6 00. 

History of the Conquest of Mexico. 

With the Life of the Conqueror, Hernando Cortez, and a View 
of the Ancient Mexican Civilizaiion. By Wiluam H. Prbscott, 
Esq. Portrait and Maps. 3 vols. 8vo, half CalC $7 60 ; Sheep 
extra, $6 76 ; Muslin, 96 00. 

History of the Conquest of Peru. 

With a Preliminary view of the Civilization of the Incaa. By 
William H. Pbbscott, Esq. Portraits, Maps, die. 2 vols. 8vo» 
naif Calf, $6 00; Sheep extra, 94 60 ; MasUn, #4 00. 

Biographical and Critical Miscellanies. 

Containing Notices of Charles Brockdeo Brown, tlie Ametiean 
Novelist. — Asylum for the Blind. — Irvi ng's Conquest of Grenadft., 
—Cervantes. — Sir W. Scott. — Ohaweaabriand^s English Litera- 
ture.— Bancroft's Umted Stetc*.^Madame Ca4d«rott*s Lih in 
Mexico.-<-Moliere.--'ItaUao Narrative Poetiy. — Poeity and Ro- 
mance of the Italians. — Scottish Song. — Da Poiitc's Olioerva- 
tionsir By William H. Pbbscott, Esq. Portrait. 8wQ,.MiiaM0i 
S2 00 ; Sheep extra. 9% 95 ; half Calf, $tl 60. 

Past, Present, and Future of the Re{mblie. 

By ALMioirsB db Lamabtikc 18mo, MusKn, 60 cents i Paper, 
87^ cents. 

The War with Mex' s^. 

i)r R. a HtvLBV, U.S.A With Maps, Plana of Battles, d^e. % 
vol)*. 18iiio,MuaUD, $4 00; Slfatei^, U»i half Galf» $6 00. 
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4 Valuable Works an Biography and History. 
The Conquest of Canada. 

By the Author of <* Hochelaga." 2 Toto. 12mo, Maslin, $1 70. 

History of the Confessional. 

By John Hbitbt Hopkins, D.D., Bishop of Vermont 1 2mo, Mus- 
lin, $1 00. 

Dark Scenes of History. 

By G. P. R. Jambs, Esq. 12mo, Paper, 75 cents ; Maslin, $1 00. 

Library of American Biography. 

Edited by Jarbd Sparks, LL.D. Portraits, dec. 10 vols. 12mo, 
Muslin, $7 60. Each volume sold separately, if desired, price 
76 cents, 

Gieseler's Ecclesiastical History. 

From the Fourth Edition, revised and amended. Translated from 
the German, by Samubl Davidson, I^L.D. Vols. I. and II. 8vo, 
Muslin, 93 00. 

History of the American Bible Society, 

From its Organization in 1816 to the Present Time. By Rev. 
W. P. Strickland. With an Introduction, by Rev. N. L. Ricb, 
and a Portrait of Hon. Elias Boudinot, LL.D., first President of 
the Society. 8vo, Cloth, $1 60 ; Sheep, $1 76. 

Biographical History of Congress : 

Comprising Memoirs of Members of the Congress of the United 
States, together with a History of Internal Improvements from 
the Foundation of the Government to the Present Time. By 
Henrt G. Wheblbb. With Portraits and Fac-simile Autographs. 
8vo, Muslin, $3 00 per Volume. 

Schmitz's History of Rome, ^ 

From the Earliest Times to the Death of Commodns, A.D. 192. 
With Questions, by J. Robson, B.A. 18mo, Muslin, 76 cents. 

Louis the Fourteenth, 

and the Court of France in the Seventeenth Century. By Miss 
Pardob. Illustrated with numerous Engravings, Portraits, dtc. 
2 vols. 12mo, Muslin, $3 60. 

History of the Girondists ; 

Or, Personal Memoirs of the Patriots of the French Revolution. 
By A. DB Lamabtinb. From unpublished Sources. 3 vols. 12mo, 
Muslin, $2 10. 

Josephus's Complete Works. ^ 

A new Translation, by Rev. Robbbt Tbaxu, D.D. With Notes» 
Explanatory Essays, dec., by Rev. Isaac Tavlob, of Ongar. II 
lustrated by numerous Engravings. Publishing in Monthly Num 
bers, 8vo, Paper, 26 cents each. 

History of the French Revolution. 

By Thomas Cablylb. Newly Revised by the AathOTi wilh I» 
dex, dec. 2 vols. 12mo, MusUn, •2.00, 
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Valuable Works on Biography and History. 6 
Letters and Speeches of Cromwell. 

With Elucidations and connecting NarratiTe. By T. Carltlb. 
2 vols. 12mo, Maslin, fS 00. 

Life of Madame Guyon. 

Life and Religious Opinions of Madame Guyon : together with 
eome Account of the Personal History and Religious Opinions o' 
Archbishop Fenelon. By T. 0. Uphah. 2 vols. 12mQ, Muslin 
«2 00. 

Life of Madame Catharine Adoma. 

Including some leading Facts and Traits in. her Religious Experi- 
ence. Together with Explanations and Remarks, tending to il- 
lustrate thaJDoctrine of Holiness. By T. C. Upham. 12mo, Mus 
lin, 60 cents ; Muslin, gilt «dges, 60 cents. 

Homes and Haunts of the British Poets. 

By William Howitt. With numerous Illustrations. 2 toIs. 
12m0| Muslin, $3 00. 

History of Wonderful Liventions. 

lUustrated by numerous Engravings. 12mo, Muslin, 75 cent* ; 
Paper, 50 cents. 

Life and Writings of Cassius M. Clay ; 

Including Speeches and Addresses. Edited, with a Preface and 
Memoir, by Hobaci Gb^blbt. With Portrait 8vo, Muslin, 
$160. 

The Valley of the Mississippi. 

History of the Discoveiy and Settlement of the Valley of the Mis- 
sissippi, by the three great European Powers, Spain, France, and 
Great Britain ; and the subsequent Occupation, Settlement, and 
Extension of CiTil Goyernment by the United States, until the 
year 1846. By John W. Monbttb, Esq. Maps. 2 vols. 8vo, 
Muslin, %b 00 ; Sheep, S5 50. 

Southey's Life of John Wesley ; 

And Rise and Progress of Mej;hodism. With Notes by the late 
i^AMUBL T. GoLBRiDQB, Esq^, aud Rcmarks on the Life and Char- 
acter of John Wesley, by the late Albxandbb Knox, Esq. Ed 
ited by the Rer. Charlbs C. Soutubt, M.A. Second American 
Edition, with Notes, dtc, by the Rev. Danibl Cubbt, A.M. 2 
Tols. 12mo, Muslin, $2 00. 

Pictorial History of England. 

Being a History of the People as well as a History of the King- 
dom, down to the Reign of George HI. Profusely Illustrated 
with many Hundred Engrayings on Wood of Monumental Rec- 
ords ; Coins; Civil and Military Costume; Domestic Buildings, 
Furniture, and Ornaments ; Cathedrals and other great Works 
of Architecture ; Sports and other. Illustrations of Manners ; Me- 
chanical Inventions; Portraits of Eminent Persons; and re- 
markable Historical. Scenes. 4 vols, imperial Svo, Muslin^ $ 14 00 ; 
Sheep extra, $10 00 ; half Calf f 16 00. . 
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6 Valuable Works an Biograpky and History. 
Diplomatic and OflSicial Papers of Daniel Web- 

siAr, wbile Secretary of State. With Portrait. 6vo, Mu8liD» 
$175. 

Life of the Chevalier Bayard. 

By William G Simmi, Esq. Engraviogt. 18iqo» Miwlin, 91 00. 

History of Europe, 

Fn)m the Commencement of the French Revolation ia 1789 to 
the Restoration of the Bourbons in 1815. By Archibald Ali- 
Boir, F.R.S. In addition to the Notes oo Chapter LXXVI.^ 
which correct the errors of the origiaal work coneeraing the 
(JaiteU States, a copious ADalyttcs) Index has been appeaded 
to this American Edttioa. 4 vols. Svo, Maaiia, 94.76; Sheep 
extra, $5 00. 

BoswelFs Life of Dr. Samuel Johnson. 

Including a Joarnal of a Tour to tha Hebrides. With aaroarous 
Additions and Notes, by Jqhm W. Caoiua, LL.D. A new Edi- 
tion, entirely revised, with much additumal Matter. Portrait. 
S vols. 8to, Musiia, $3 75 ; Sheep, #3 00. 

Life and Speeches of John C. Calhoun. 

With Repiirts and other Writings, subsequent to his Election as 
Vice- president of ihe Unitedr States ; inclailiog^ his leadiag Speeds 
on the iate War, delivered in 18U. 8vo»lilaalio, $1 Idi 

Life of Charlemagne. 

With an Introductory View at the History of France. By G. P. 
R. Jambs, Esq. ISmo, MusHa, 45 cents. 

Life of Henry IV., 

King of France and Navarre. By G. P. K. Jambs, Esq. 3 vols 
12mo, Muslin, 1^2 50. , 

History of Chivalry and the Crusades. 

By G. P. R. James, Esq. Engravings. 18mo, Muslin, 45 cent^ 

NeaFs History of the Puritans, 

Or, Protestant Non-conformists ; frqm the Refbrmattoii fti 15l> 
to the Revolmion in 1688 ; comprising an Account of their Prin- 
ciples, Sufferings, aad the Lives and Characters of their itooa* 
ooneiderable Divines. With Notes, by J. O. Choitlbs, D.D. 
With Portraits. S vols. 9vo, Mbslin, $3 50 ; Sheep, $4 00. 

Neander's Life of Christ ; 

In its Historical Connections and its Historical Bevelopmeilt. 
Translated fironi the Fourth German Edition, by Professors 
M*Clintock and Blombnthal, of Dickinson College. 8to, Mus- 
lin, $2 00 ; Sheep extra, 92 35. 

Lives of Celebrated British StatesmeB. 

The Siatesmea of the Coairoonwealth of Ebglawi ; with a Treat- 
ise OB the p(»pular Progress in English History. By Je«K Foaa- 
taa. Edited by thfl Rev. J. p. Cbovum. Portiaita. 8«a»Ma^ 
lin, $176; Sheep, $3 00. 
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LIGHT READINa FOR TRAVELERS, 



PVBLISBBD BT 



HAEPEE k BE0THEE8, 8$ Clllt STEEET, E.T. 



Harper's Library of Select Novels. 

Uto. 
1. PCLHAM. l2jBal»«r. SBcmtf. 
«. THE DISOWNED. By Bulwtr. tteMU. 
a> DEVKREUX. By Bulwtr. S6«TOt& 
4. PAULCLIFFOKD. By Buiwer. 25 Mate. 
&EUeENBARAM. By Bulwcr. S5e«nta. 
& THE LAST OATS OF POMPBIL By 



By Mik HoOwd. S6 



Bttlwer. 36 

7. THE CZARINA. 
caaU. 

8. R1EN2I. By Buhrar. «6 ( 

Sl SBLP-DETOTION. By 

S6 cents. 

la THE NABOB AT HOME. 86 canto. 
U. ERNEST MALTRAVERS. By Bit E. Bul> 
war Lyttoa. SA canto. 

18. AUCE, OR THE MTSTBRIB8. By Sir 
E. Boiwar Lyttoa. 86 canta. 

15. THE LAST OP THE BARONS. By Sir 
E. Bulwcr Lyttoa. 86 canta. , 

14. FOREST DATS. By Jamaa. 18)^ canto. 
U ADAM BROWN, tha M^fch«Dt By Hoi^ 

aca Siuitli. 1 S)^ canta. 

16. THE PILGRIMS OF THE RHINE. By 
Sir E. Btthrar Lyttoo 18)^ canta. 

17. THE HOME. By Mia« Bremar. ISj^ canto. 
I& THE LOST SHIP. By Capt. NMla. 85 cto^ 

19. THE FALSE HEIR. ByJamea. IS^cta. 
ia THE NEIGHBORS. By MiM Fredrika 

Braoiar. li}^ ranta. 
21. NINA. By MiM Bramar. I8j^«anta. 
SS. THE PRESIDENT'S DAUGHTERS. By 

MiM Predrika Bramar. I8>{ caata. 
Ml the BANKER'S WIFE. By^Mn..a«M. 

18 j^ canta. 

t4. THE BIRTHRIGHT. ByMr«.G«ra^ 18J^ 
canta. 

15. NEW SKETCHES OF BVBRT-DAT 
LIFE. By MiM Broniar. 18)^ canta. 

t& ARABELLA STUART. By O. P. B. 

Jamas, Esq. 18)^ canta. 
17. THE GRUMBLER. By Miaa BOas Pkk- 

erinf. 18>^ cants. 
Sa THE UNLOyiD ONE. AyMnLHofland. 

133^ cents. 
t9i JACK OP THE MILL. By WiUiMi Haw 

lU. 13)^ cants. 
SOL THE HBRETia Bj Mfatakaikoa 19)^ 

crnta. 
81. THE JEW. By 
88. ARTHUR. 85 cants. 
n. CHAT8WORTH. By Ward. f<Kc«rta. 
84. THE. PRAIRIE BIRD. Uy Gliarlaa A. 

Murray, Baq. Sftcaats. .. 
S6k AMT HERBERT. By MiM SawalL n)i 



UHc 



•& BOBBP'ALBRBT. Byta 



nH* 



No. 

37. TRIUMPHS- OF TIHl. By Mr*. Maiah. 



3& THE H FAMILY. By Miaa Frsdrika 

BraoMr. I8)<caaia. 
ao. THE GRANDFATHER. By MiM Bllaa 

Pickariof. li)i canta. 
4aARRAHNEIL. By Jamaa. 18Kcant& 
41. THE JILT. 18)^ canta. 
48. TALES FROM THE GERMAN. l%)i 



43. ARTHUR ARUNDEL. 
86 cants. 

44. AOINCOURT. ByJanMa. tS cento. 

46. THE REGENT'S DAUGHTER. S^caato, 
40. THE MAID OF HONOR. S6centa. 

47. SAFIA. By Da BaauToir. l83{cMata. 

4& LOOK TO THE END. By Un, XUiik 

18)< cents. 
40. THE IMPROVI8ATORB. By H. C. A» 

darMo. li)i oaato. 
6a THE GAMBLER'S WIFE. ByMn.Of«f 

SScaota. 
6L VERONICA. By Zcbokka. 86 cavto. 
63. ZOE. By MiM Jawsbury. 86 ceata. 
6% WYOMING. 86 cants. 
54. DE ROHAN. 36 ceata. 
65. SELF. By fhe Author of '* CeeiL** SS canto. 
65. THE SMUGGLER. ByJamea. 85 canta.- 
«7. THE BREACH OF PROMISE. By ttia 

Author of ** The Jilt" 8ft cents. 
6SL THE PARSONAGE OF MORA. By Miaa 

Predrika Bremer. 13)^ cents. 

60. A CHANCE MEDLEY OF LIGHT MAT 
TER. By T. C. Grattan. 85 cents. 

6a THE WHITE SLAVE. 85 ceats. 

61. THE BOSOM FRIEND. By Mn. Oi^ 
86 cento. , 

S9. AMAURY. 86 canta. 
63. THE AUTHOR'S DAUGHTER By Maty 
HowitV 18><oaata. 



Bp 



Bdit«l kt 



64. ONLY A FIDDLER i AND a T. 

H. C. Andemen. 35 cento. 
<». THE WHIT BBOY. ByMia.HaIL 86 

66. TtiB FOSTER BROTHER. 
Lai^Hunt 86caatab 

67. LOV^ AND MESMERISM. By 1 

Smith. 85 centoi. 
68L ASCANia SStcanta. 
691 THE LADY OF MILAN. Edited by Mni 

Thomson. 86c«nta. 
7a THE CITIZBN OP PRAGUE. Tmiisl» 

ted by Mnry Howitt. 86 rente. 
71. THE ROYAL FA VORITE. By Mis. Oov« 

86 cents. 
n. THE QUEER or PSKMASX. ByMia 

•OM. aScanto^ 
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LIOHT READING FOR TRAVELBRl. 



Harper's Library of Select Novels, continwd. 



T3. THE BLYBS, ETC. By Carlyh. 96 eta. 
T4, T6. THE STEPMOTHER. By O. P. B. 

Junes, £«q. 60 cvatM. 
n. lESSIS'S PLIRTATION& 86e«Bta. 
77. CHBYALIER D'HARMENTAL; or, Lot* 

and Conspinwy. By Sim. 86 cents. 
n. PEERS AND PARYEKUS. By Mn. Oora. 

S6cent& 

TS. THE COMMANDER OF MALTA. By 

SoflL 36 cents, 
tt. THE FEMALE MINISTER. IS)^ cents. > 
81. EMILIA WTNDMAM. By Mn. Msrsh. 

B6 cents. 

ta. THE BUSH RANGER. By Cfaailas Row- 

croft, Esq. S6 cents. - 
•8. THE CHRONICLES OF CLOYERNOOK. 

By Doocfaitf J«rrold. 13)^ cents. 
M. THE CONFESSIONS OF A PRETTY 

WOMAN. By Miss Psrdoe. 86 cents. 
86. LIYONIAN TALES. IS)^ cents. 
8& CAPTAIN O'SULLI YAN. By Williun H. 

MuweU. 86 cents. 

{7. FATHER DARCT. By Mn. Muih. 96 
cents. 

88. LEONTINE. By Mn. Maberiy. 86 oent& 
8Qi HEIDELBERG. ByJameh S6 cents. 
9a LUCRETIA. By Bulwer. 86 cents. 
9L BEAUCHAMP. By James. 86centa. 
99, 94. FORTESCUS. By Knowles. 60 oenta. 
93. DANIEL DENNIflON, Ac By Mn. Hof- 

iaod. 86 cents. 
96. CINq-MARS. By De Yi(ny 86 cents. 

9& WOMAN'S TRIALS. By An. 8. C. HaU. 
86 cents. 

91. THE CASTLE OF EHRENSTEIN. By 

O. P. R. James, Esq, 86 cents. 
98. MARRI AG9 By Miss S. Fenier, 86 cents. 
99, 100. THE INHERITANCE. By JCiss S. 

Ferrier. 60 cents. 

101. RUSSELL. By G. P. R. James. 96 cents. 

109L A SIMPLE STORT. By Mn. Inchbald. 

86 cents. 

I0& NORMAN'S BRIDGE. By Mn. Manh. 

86 cents. 

104. ALAMANC*. -86 cents. 

106. MARGARET GRAHAM. By O. P. R. 

^ames, Esq. ^)^ cents. 

i». THE Wayside cross. By e. h. 

Miiman. 18>^ cents. ' 

107. THE CONYICT. By James. 86 cents. 

108. MIDSUMMER EYE By Mn.S.C.Han. 
86 cents. 

lOa JANE ETRE. By Currar BelL 86 oeiits. 
lia THE LAST OF THE FAIRIES. By G. 
P. R. James, Esq. 12){ cents. 

"J^ »'^ THEODORE BROUGHTON. By 
G. P. R. James, Esq. 86 cents. 

US. SELF-CONTROL. By Maty Bruntoo^ 96 

cents. 

113, 114. HAROLD. By Bnlwer. 60 cents. 
116. BROTHERS AND SISTERS. By Miss 
Fredrika Bremer. S6 cents. 

:i6. OOWRIE. By G. P. R. James. 86 cents. 

^iA^i",^*^^ "8 CONSEQUENCES. 
By O. p. R.jto,e«i, Esq. ^ centsT *"*'*''• 



No. 

"2; JJK"*»"'i''J" ^^^ THREE FOR 
TUNES. By <3. H. Lewes, Esq. 96cent& 

119. THE DISCIPLINE OF LIFE. 86ceot& 

180. THIRTY YEARS SINCE. Bf O. P. R. 
James, Esq. 86 cents. 

181. MARY B ARTO^. By Mia. GaskelL 86 cts. 
188. THE GREAT HOGGARTY DIAMOND 

By W. M. Thackeray, Esq. 86 cents. 

183. THE FORGERY. By James. 86 cents. 

18^ THE MIDNIGHT SUN. By Miss Fred- 
rika Bremer. IS^oenta. 

*•& ^ ^^" CAXTON8. By Sir Edward 
Buiwer tytton. 37>^centa. 

137. HORDAUNT HALL. By Mn. Manh. 
86 cents. 

1S& MY UNCLE THE CURATE. 86 cents. 
19a THE WOOIXMAN. By James. 86 cento 
laa RETRIBUTION. By Mrs. Emma D. E. 
Nevitt Sottthwortb. 96 cents. 

m. SIDONIA THE SORCERESS. By WiU- 
lamMeinboId. 60 cents. 

138. SHIRLEY. ByCarrarBelL 87^ cents. 
138. THE OGILYJES. 86 bents. 

134. CONSTANCE LYNDSAY; ortlie Ptvmss 
of Error. By C. G. H. 36 cents. 

136. Sm. EDWARD GRAHAM; or, RaUway 
Sfieculaters. By Miss C. Sinclair. 37^ cento. 

''S;,",^^?..^'' ^^^L^'^^T"- By Miss Janet 
W. WUkinson. .36 cents. 

137. TB£ WILMINGT0N8. By Mrs. Maieh. 

86 cents. 

138. NED ALLEN. By D. Hannay. 86 cento. 
UO. NIGHT AND MORNING. By Sir Ed 

ward Bulwer Lytton. 86 cent& 

140. THE MAID OF ORLEANS. By the 
Author of xwiuterrian." 37)^ cents. 

141. ANTONINA; or, the Fall of Rome. Bt 
W.WilkieCoIHi,Esq. sfi^oSntk^ ^ 

145. ZANONL By Bulwer. 86 cent& 

143. REGINALD HASTINGS. By EBotWar 
burton, Esq. 86 cents. 

144. PRIDE AND IRRESOLUTION:' a niir 
Senas of the Discipline of Life. 36 cents. 

146. THE OLD OAK CHEST. By G. P.«. 
Jamea, Esq. 37)^ cents. 

146. JULIA HOWARD. By Mn. BeU Martin. 
86 cents. 

147. ADELAIDE LINDSAY. Edited by Mm 
Manh. 86 cents. 

148. PETTICOAT GOVERNMBNT. By Mm 
Trollope. 86 cents. 

149. THE LUTTRELL8. By F^. ' 
Esq. 86 cents. ■ ~ 

160. SINGLETON FONTENOY. R.N. Bf 
James Hannay. 36 cents. 

161. OLIVE. By the Author of " The OgilTiee.** 

iSS. HENRY SMkATON. By G, P. R. Junaa 
Esq. fiO cents. 

l«jj TIM?' '"'*' ^VBNG|;r. By Mn. Manh 

164. THE COMMISSIONER. By G. P R 
James, Esq. 60 cents. 

*'^"T"1..^'!?'' SISTER. By Mn. Hob 
back. 86'cenia. 

166. THE GOLD -WORSHIPERS; or. The 
D«y* we l4Ta is. S6c«atoi 
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LIOHr READINO FOR TBAYELESS. 9 

Mount Hope ; 

Or, PhUip, King of the Wampanoags. An Historical Romance. 
By G. H. HoLLisTBR. 12mo, Paper» 62i cents ; Muslin, 76 cents 

The Heir of Wast-Wayland. 

A Tale. By Mary Howitt. 12mo, Muslin. 

The Moorland Cottage. 

By the Author of" Mary Barton." 12mo, Paper, 26 cents ; Mus- 
lin, 37i cents. 

Yeast : 

A Problem. By the Authbr of « Alton Locke." 12mo, MasUn. 

Alton Locke, 

Tailor and Poet. An Autobiography. 12mo, Muslin, 76 cents. 

Jane Bouverie ; 

Or, Prosperity and Adversity. By Gathbrikb Sinclair. ISmo, 
Paper, 60 cents; Muslin,, 62i cents. 

Eastbury. 

A Tale. By Anna Harriet Drurt. ISmo, Muslin. ' 

Maurice Tiernay, 

The Soldier of Fortune. By Charlvs Lbvir. Byo, Paper. 

Boland Gashel. 

By Charles Leter. With Illustrations by Phiz. 8vo, Paper 
76 cents ; Muslin, 81 00. 

Standish the Puritan ; 

A Tale of the Americain Revolution^ By Eldred Grayson, Esq. 
12mo, Paper, 76 cents ; Muslin, 81 00. 

The Shoulder-Knot: 

Or, Sketches of the Three-fold Life of Man. A Story of the 
17th Century. By Rev. B. F. Tbfft. 12mo, Paper, 60 cents ; 
Muslin, 76 cents. 

Lavengro: 

The Gipsy— the Scholar— the Priest By Gborge Borrow. 
8vo, Paper, 26 cents. 

Home Influence. 

A Tale for Mothers and Daughters. By Grace Aouixar. A 
revised Edition, with a Memoir of the Author. . 12mo, Paper, 
76 cents ; Muslin, 81 00. 

The Mother's Recompense. 

A Sequel to " Home Influence,'* By Grace Aouilar. 8vo, Pa- 
per, 26 cents. 

Godfrey Malvern ; 

Or, the Life of an Author. By Thoxas Miller. With nnmer 
0118 Illustrations. 8vo, Paper. 
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4 UOnT LEAPING FOE T&AVBUUtS. 

Vanity Fair. 

A Novel without a Hero. By W. M. Thackbbay. 8to» Papei, 
$100; Muslin, $126. 

The History of Pendennis : 

Hi8 Fortunes and Misfortunes, bis Friends and his greatest bin- 
emy. By W. M. Thackkrat. With numerous lllustratiuns. 
8 vols. 8vo, Muslin, $2 00 

Raphael; 

Or, Pages from the Book of Life at Twentv. By Alphonsb ob 
Lamartinb. 12mo, Paper, 25 oents. 

Memoirs of my Youth. ^ 

By Alphonsb ob Lamartinb. 8vo, Paper, 26 cents. 

Additional Memoirs of my Youth. 

By AxPHONBB DB Lamartinb. 8vo, Paper, 12i cents. 

Genevieve ; 

Or, the History of a Servant Girl. Translated from the French 
of A. DB Lamartinb, by A. R. Scobjlb. 8vo, Paper, 121 cents. 

Jane Eyre : 

An Auiobiography. Edited by Currbr Bbll, Library Edition, 
12mo, Muslin, 90 cents 

Shirley. 

A Tale. By the Author of "Jane Eyre." Library Edition, 
12mo, Muslin, 90 cents. v. 

The Children of the New Forest, 

A Novel. By Captain Marsyatt, R.N. 12mo, Paper, 37i cents ; 
Muslin, 45 cents. 

The Bachelor of the Albany. 

A Novel. By the Author of the •' Falcon Family/' 12mo, Pa- 
, per, 37i cents ; Muslin, 45 cents. 

Now and Then. 

A Tale. By Dr. Warren. 12mo, Pap^r, 50«ents ; Muslin, 60 
cents. 

Mary Grover; 

Or, the Trusting Wife. A Domestic Temperance Tale. Bj 
Charlbs Bukdbtt. 12mo, Paper, 30 cents \ Muslin, 40 cents. 

Wuthering Heights. 

A NoveK 12mo, Paper, 50 cents ; Muslin, 75 cents. 

The Tenant of Wildfell Hall, 

A Novel. 12mo, Paper, 50 cents ; Muslin, 75 cents. 

The Peasant and his Landlord. 

A NuveL By the Baroness Knorrino. Translated by Mart 
HowiTT. l2mo, Paper, 60 cents ; Muslin, 75 cents. 
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A.gnes Morris ; 

Or, the Heroine of Domestic Life. ISmo, Paper, S5 eenta. 

Angela. 

By Mrs. Massh. 12mo, Paper, 75 cents ; Muslin, 90 cents. 

Lettice Arnold. 

By Mrs. Massh. 8to, Paper, 10 oents 

Edward Vernon : 

My Cousin's Story. By Edmcnd Childb. 12mo, Paper, 60 
cents ; Muslin, 76 cents. ^ 

The Image of his Father. 

A Tale of a Young Monkey. By Hsnry Mayhsw. With Illus- 
trations. 12mo, Paper, 50 cents ; Muslin, 76 cents 

Model Men, Women, and Children. 

By the Brothers Mavhbw. With illustrations. ISmo, Paper*. 
50 cents ; Muslin, 62| cents. 

The Fear of the World; 

Or, Living for Appearances. By the Brothers Matbbw. Witk 
Illustrations. 8yo, Paper, 36 cents. 

The Green Hand. 

A *' Short" Yarn. 8vo, Paper, 26 cents.. 

The Professor's Lady. 

Translated from the German of Berthold Auerbach. by Mabt 
HowiTT. With numerous Engravings. 8vo, Paper, 18| cents. 

Adelaide Lindsay. 

A ^oveh Edited by Mrs. Massb. 8vo, Paper, 26^ cents. 

An Easter Offering. 

By Pbbdkika Bbbmbh. Translated from the Unpublished 8we* 
dish Manuscript, by Maby Howirr. Contents : The Light House» 
Life in the North. 8vo, Paper, H cents 

Miss Fredrika Bremer's Novels. 

Coroprising The Neighbors; The Home; The President's Dan^- 
ters; Nina ; New Sketches of Erery-day Life: The H — Fam- 
ily ; The Parsonage of Mora. One Vol., 8vo, Musliifi, 91 60. 

Life and Adventures of Martin Chuzzlewit. 

By ( 8ABI.B8 D10KXN8. With nnmerotts IliustratiuBS. 8vo» Pi^ 
perr 60 cents ; Muslin, 76 cents. 

Dickens's Christmas Tales : 

Comprising The Haunted Man ; The Cricket on the Hearth^; 
A ChrisUtiae Carol in Proee ; The Chimes ; The 9atlle of Life 
8vo, Muslin, 60 cents. 

W. G. Simms's Works : 

Comprising Guy Rivers; Martin Faber; MeHiehampe; The 
Partasu; TheYemaeee; Pslayo. 
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Fielding's Works 

The History of Amelia, with niostrations by Cruiluhank ; The 
History of Tom Jones, with a Memoir of the Author, by Thoills 
RoscoB, illustrated by Cniikshaok. 

Smollett's Works : 

Roderic Random, with Illustrations by Gruikshank ; Humphrey 
Clinker, with a Memoir of the Author by Thomas Robcob, with 
Illustrations by Gruikshank ; Adventures of Gil Bias, translated 
from the French of Lb Saob, with a Memoir of the Author, by 
T. Roscob, with Illustrations by Gruikshank. 

Georgia Scenes. 

With Orifl^inal Illustrations. 12mo, Muslin, 90 cents. 

Scenes at Washington. 

A Story of the Last Greneration. By a Citizen of MaryUmdi. 
12mo, Paper, 37i cents ; Muslin, 50 cents. 

The Diary of a Physician. 

By Dr. Wabbbn. 9 vols. 18mo, Muslin, 81 36. 

The Vicar of Wakefield. 

By Olitbb Goldsmith. ISmo, Muslin, 37^ cents. 

Recollections of a Housekeeper. 

By Mrs. G. Oilman. 18mo, Muslin, 45 cents. 

Recollections of a Southern Matron. 

By Mrs. G. Gilman. 13mo, Muslin, 90 cents. 

Love's Progress. 

By Mrs. G. Oilman. 12m6, Muslin, 65 cents. 

Miss Edgeworth's Tales and Novels. 

With Engravings. 10 vols. 12mo, Muslin, 75 cents per Volume. 
The Volumes sold separately or in Sets. 

VOL. I. Cutk Aekrant;'B«Nyoa Iriab Bnlls) YOL. lY. MaaeQTwiag; AJnwtiaj ViTaa. 



Eaaajr on Mf-J iwUfication ; Tha PhImUui Vm* | 
TIm Good Aont. 

VOL. II. Aogtiiuki TlM Good Tnwh Oovan- 
•M } M«deineiMlto Pmaach* ; Th* Knapnck; 
Lam* JervM; Th* WQI; Out of Debt, oot of 
Dwagn; The LiBMrkk OIovm; Th« Lotteiy; 



VOL. lU. Mwnd th« Ualoeky; The MranftM:- 
turan; Bim«i; The Coatrast; The Oralefol 
N^fTO} To>nM>now; The Dod. 



VOL. V. The Abseatae; Madame de Flennrj 
Emily de Conlanfea; The Modern OriaeMa. 

VOL. VL Belinda. 

VOL. VIL LeoBota; Letten on TeoMle Bdw»> 
tioo; Patronage. 

VOL. VIIL Patronage; Comic Dramaa. 

VOL. IX. Haningtoa; Thonghta on Borea; 0»- 
mondi 

VOL. X. Helea. 



Miscellaneous List of Novels and Romances. 



A.DVBVTUIIB8 OF A TOUNGBR SOB : by 

Tralawney. W eanta. 
▲LLBN PRBSCOTTt by Mia. Sedgwiek. fltS. 
▲NA8TA8IU8: by T. Hope. Wceaita. 
THB ATLABTIC CLUB-BOOKt by TttMSag 

wad othera. 00 oenta. 
BBRRARDO DBL CARFIO : by MoBtfOBaiy. 

fiOcenta. 
BLACKBBARD t e Page IVom the OoloaiiJ Hie- 

toiy of Philadelphia. |l M. 
BURTON I by Ingrabaia TB CMtk 



THB BOOK OF 8T. NiCH0LA8: by PanyiK 

myi ceola. 
THE BUDGET OF THE BUBBLE FAMILTt 

by Lady Bnlwer. 90 centa. 
THE CABIBBT MIBIfTBR: by Mra. Goraw 

85c«nta. 

CALEB WILLIAM8: by Godwin. 86 centa. 
CAPTAIN KTD : by l^nliam. 76 centa. 
THE CAVALIBB8 OF VIRGINIA: by Cam 
there. flS& 

CBBVBLST I ^ l4riy Bnlfiw. WtmOa. 



Digitized by LjOOQ IC 



LIOHT R£ADING TOR TRAVBLSKS. 



Miscellaneous List of Novels, continued. 



CHARLB8 TINCSNT : by WUIm. f 1 96. 
CHRONICLES Or THI CANONGATEt bgr 

Sir W. Scott 70 centa. 
THE CLUB-BOOK: by Junes. 45 cwta. 
CONTI THE DISCARDED: by Choilqr. 90 

emaU. 

THECOUirrE88IDA:byriy. fl fia 
COUNT ROBERT OF PARIS: by Sir W Scott 
90 cent*. 

THE COURTIER of th« R««o ofCbariM II.i 
by MzB. Oora. 60 cent*. 



«)<Ctfc 



CTRIL THORNTON : by ] 
D ARNLET : by June*. 86 1 
DEERBROOK: by Mim Martfamni. 90 rmtii. 
DE L'ORME : by JaniM. 70 cMta. 
THE DESULTORY MAN: by JuMi. SOctii 
DE VERE : by Ward. 90 cent*. 
DIARY or A DESENNUTEE. 46 cmtn 
DREAMS AND REVERIES OF A ^UIET 
MAN: by ray. •! 13>i{. 

XLKSWATAWA, the Propbetorthe West: by 

Freiieli. #1 96. 
FALKNER: by Mn. SbeDey. 0B^ oentfc 
FRANK ORBY. 80 cents. 
THE FROLICS OF PUCK. 9QoeDts, 
GENTLEMAN OF THE OLD SCHOOL: by 

James. 90 cents. 

GEORGE BALCOMBE : by Tucker, f 1 9&: 
THE GIPSY : by James. 46 cents. 
QpDOLPHIN: byBnlwer. 90 cents. 
HENRI qUATRE: by Bfaacor. 60 cents. 
HENRY OF 017ISE : by James. 90 cents. 
HENRY MASriRTON : by James. 87j^ cts. 
HERBERT WXNDALL : a Tale of the Revo- 
Intion. • 91 36. • 

HOBOlCEN : a Romance of New York : by Fay. 
46 cents. 

HOME; or, the Iron Rnle: by Mrs. Ellis. 96 
cents. 

HOPE LESLIE : by Miss Sedgwiek. #1 9& 
THE HOUR AND THE MAN: by Miss MU- 
tinean. 60 cents. 

THE JACqUERlE : by James. 90 cents. 
JAPHET IN SEARCH OF A FATHER: by 

Marryat 46 cents. 
JOHN MARSTON HALLi by James. 86 c^ 
KONINGSMARKE: by PanldiQc 91 9& 

LAFITTE; the Pirate of the Gelf: by iMra- 
bam. 76centlL 

THE LINWOOD8: by Miss SedfW^ck. fl6a 
LORD ROLDAN : by Conninfham. 46 centa 
LOUISA MILDMAY. .0 cents. 
MAHMOUD. go cents. 
MARIAN : by Mrs. 8. C HaR 60 CMils. 

MARY OF BURGUjrDYt by Ji , 

THE MAYOR OF WINDGAP: bj 
42j< cents. 

MELMOTH THE WANDERER; by 
90 cents. 

HBPHISTOPBILES IN ENGL4ND. 60 cts. 

MERCHANT'S CLE^K: by Warren. 46 cts. 

MICHAEL ARMSTRONG: by Mrs. Tiollope. 

90 cents. * r- 

VIRlAMCOrriirbf Hart fl9S^ 



MORLEY ERNSTEIN : by Jamaa. 46 caMSb 
MORTON'S HOPE: by an American. •l.4a 

MOUNT SOREL; or, the Heiieas of the D« 
Teres: by Mrs. Marsh. 1S>{ cents. 

MY LIFE: by Maxwell 86 cents. 

MYSTERIES OF PARIS : by Soe. UX oenta 

THE NEVILLES OF tiARRETSTOWN t by 
Dr. Lerer. 13>{ cents. 

NORMAN LESLIE : by F«y. f 1 96. 

NOVELLETTES OF A TRAVELER: kf 
< Nott 91 9& 

ONE IN A THOUSAND : by Jamae. 46 centm 
THE OUTLAW : by Mrs. HalL 90 cents. 
THE PARTISAN : by Simms. 91 96 
PAUL ULRIC : by Mattson. f 1 36. , 
PELAYO : by Simms. 91 36. 
PHILIP AUGUSTUS: by James. 86 cents. 
PREFERMENT : by Mrs. Gora. 90 cents. 
THE QUADROON : by Ii«raham. 76 cent*. 
THE REFUGEE IN AMERICA: by Mr». 
TroUope. 86 cents. 

ROMANCE OF HISTORY— FRANCE: by 
Ritchie. 70 cents. 

ROMANCE OF HISTORY-ITALY: by Mm). 
fiuiane. 70 cents. 

ROSS OF PERSIA: by Sprii«. 60 cents. 

SALMAGUNDI : by Paaldii« and IrTix«. 93 8« 

THE SCHOOL OF FASHION. 86 cents. 

THE SELF-CONDEMNED. f6 cents. 

SHEPPARD LEE : by HiraeeUl $1 SO. 

THE SKETCH-BOOK OF FASHION i fey 
Mrs. Gore. 60 cents. 

THE SMUGGLER: by Banim. 86 cents. 

SOUTH|[NNAN: byGalt 70 cents. 

SPECULATION: by Miss Pardoe. 60 cants. 

STORIES or THE SEA: by Manyat 9l)i 
cents. 

ST. PATRICK'S EVE: by Lerer. GXcenta. 

THE STUDENT: by Bulwer. 80 cents. 

SYDNEY CLIFTON, by Stronf. 91 36. 

TALES AND SKETCHES : by Stone. 7D cts. 

TALES OF THE EARLY AGES: by Smith. 
70 cents. 

TALES OF THE GOOD WOMAN: by Pauld- 
ing. #186 

TALES OF THE PEERAGE AND PEA«. 
ANTRY: by Lady Dacre. 60 cents. 

TALES OF THE WOODS AND FIELDS: 
by Mn. Marsh. 46 cents. 

THREE ERAS OF WOMAN'S LIFE : by Hiai 
Smith. 46 cents. 

THK THREE WISE MEN OF GOTHAM: 

byPaaUing. es)i( cents. 
TWO OLD MEN'S TALES. 80 cents. 

THE UNFORTUNATE KAN: by Chamier. 

80 cents. 

VALERIUS: by Lockfaart 86 cents. . 
VILLAGE BELLES. 80 cents. 
THE WANDERING JEW; by See. SOceatSL 
Netf Edition, with oTer600 Illastratioas. $600 

WAVERLXT : by Scott 70 cents. 

WILD SPORTS OF THE WEST : by Max 

welL 60 cents. 
YOUNG MUSCOVITE: by 
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THE AUTOBIOORAPHT AND MEMORIALS 



CAPTAIN OBADIAH CONGAR: 

vom rtrTY TiAfti Mitiirift and sHivHAfTim fbox mi 

POST or KBW TOBC. 

BT BET. BERBT T. CEBBTEB. 

AOTROm OF 
*'nni WKAU ASfD Bit CAVTOBS," AMD "HLAHD WMU» 99 «■ VAflVM^* 

16mo, MUflLiir, 60 cents. 



Tbte k a fittiBC vMmmmX to tbe menlory of an old sailor, who, aftar 
haviag waatberad many atonna on the ocean of life, arriTod eafa, at an 
advanced a^ in the baven of eyerluting ra«t. Tbera u a good deal of 
iotereiting incident in hit life, but the most interesting circaoMtanca is 
that, in spite of the pecnliar temptations to which his prafeasion exposed 
him, he maintained a close and bnmble walk with God. It is proper tiiafe 
the example of sach a man shoold be embaloMd, sad Mr. Cbearar has 
done it welL— iView York Observer. 

The indindoality described is that of a man exposed to the varied 
temntations sod distractions of a sailor's Ufe, bat still drawn hesvenward 
by ue inflaence of the spirit of Gkxl, and describinc^ in ft simple and nn- 
affected manner the inflaence of God's mercies and chastisements in the 
fermation of his chartctor as a Christian. The tone of th6 book is healthy 
and liberal ; it appears to contain mach to recommend it to the perosal of 
those who are looking to God as their ** ever present help in eveiy time 
of troable." The antnor already ei^ys a hifti reputation ficm his "Isl* 
and World of the Paeiflc."^i'ari^« Jourtud, 

With the trials and adventores of a veteran sailor, there is blended in 
this narrative a minote account of his reUgioos experiettoe. Independent, 
therefore, of the interest of the memoir, toe work, firom its clear style and 
cheap form, is well adapted for the Sonday readina of the forecastle, and 
shoold be distribatod bv the friends of seamen-^ffMis Joumat, 

This is a ikidifol, well-written, and instmctive biography of an eminent- 
ly practical good man. It deserves a place, and will have It, in onr iMs- 
trict and 8abbatb School Ubraries.— ^or^ford Courant, 

Captain Congar was a geanine old F^taa salt, who aaiWd for more 
than fifty years as a shipmaster oat of this port. He, of ooorae, led a Ufa 
of vicissitode and adtentare, which he relates, partly himself, and partly 
ChrMgh BIr. Cheev^, wtth great earnestness and simplicity .•~^£«0}i. PoU. 

In the aatobu)graphy of Capt. Congar wa find mach to aAXire and duora 
to respect His life was one oaiversally instmctive, and etn net foil to hi 
pasticalariy interesting te every nautical individasJ, whether be be a ship 
master or an hanble seaman bofore the mast. He was Mriaantly a ho^ 
man, a MtMhl Christian, and an ontiring laborer in the eaose of his If aster 
It is appropriately dedicated by the anther to the Seamaa'i Friend Sect 
eties oi the two great commeroial nations of the globe-^Englaad and 
America.-^iVeicF Vark Fanner and Meekanic. 

From soch a history nsafal lessons may be drawn, and Its perosal will 
have a tendency to strengthen good parposes, and to iaeite others to fo^ 
k>w a worthy example, while aa a mere personal narrative it wall be " "* 
entertaining and onsa of thrilling interests— AbrUsni B^dgti. 
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